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Abstract

In principle, affective game systems use the relationship between player emotions and
video game content to enhance play motivation, increase engagement and enjoyment, and
even facilitate health benefits. However, because of theoretical uncertainties in psycho-
logical emotion research and a mix of methodological standards in games research, the
best means of creating and evaluating them remains unclear. To advance our understand-
ing of affective game systems, this thesis investigates the emotional player-game feedback
loop through multiple pathways. It provides a synthesis of relevant research disciplines
(Chapter 2) and a systematic review of current affective game research (Chapter 3) to
investigate current theoretical and practical issues in the field. To address these issues, it
then presents a framework for developing and evaluating affective game systems (Chapter
4). The framework is evaluated through the development of a new video game and a large-
scale randomized controlled comparison study (Chapter 5). Further studies (Chapters 6-7)
provide additional validation by making use of the framework to explain emotion measure-
ment and elicitation within specific game contexts. Finally, the future of affective systems
is examined, focusing on the role of large language models in overcoming historical barri-
ers. New architectures for language model-driven game agents are proposed, highlighting
the potential of this technology in affective computing (Chapter 8). Overall, this thesis
proposes new approaches to understanding player emotions and provides standardized and
validated methods to develop and evaluate affective games. This thesis aims to shed light
on the nature of affective systems how they are currently being developed and evaluated,

and how they can be improved to maximise potential benefits.

il






Contents

1

2

Abstract

List of figures

List of tables

Acknowledgements

Declaration

Introduction

1.1 Emotions in Video Games . . . . . . . . . . ..o
1.1.1 Possibilities . . . . . . . .

1.2 Objectives . . . . . . . .

1.3 Structure of the Thesis . . . . . . . . . . . . . .

A Tale of Progress and Disagreement

2.1 Emotion Research . . . . . . . . . ...
2.1.1  Affective States . . . . . . . . ..
2.1.2  Theoretical Perspectives . . . . . . . . .. ... ... ... ......
2.1.3  Common Contentious Aspects of Emotions . . . .. ... ... ...
2.1.4 Theory Overlap . . . . . . . . . . . ...
2.1.5 Conclusion . . . . . ...

2.2 Design and Emotions . . . . . . .. .. Lo oL
2.2.1 Design Research . . . . . . . . ...
222 Game Design . . . . ...

2.3 Affective Computing . . . . . . . ...
2.3.1 Affective Gaming . . . . . . . ...

iii

ix

XV

xXix

xxi



Contents

2.3.2 Affective Games and Emotion Models . . . . . ... ... ... ... 33

2.4 Conclusion . . . . . . . . . 35
3 The Theory-Practice Gap 37
3.1 Aims and Research Questions . . . . . . . .. . ... .. ... ... ..... 37
3.2 Methods . . . . . . . . 39
3.2.1 Data Collection . . . . . . . . . . ... .. 39
3.2.2 Search Terms . . . . . . . . . . ... 39
3.2.3 Inclusion Criteria . . . . . . . . . . . . ... 39
3.2.4 Exclusion Criteria . . . . . . . . . . .. ... 40
325 DataAnalysis. . . . . . ... 40
326 Coding. . . . . . . . . 41

3.3 Results. . . . . . 43
3.3.1 RQI: Effectiveness of Affective Adaptation . . . .. ... ... ... 43
3.3.2 RQ2: Emotions in affect-adaptive games . . . . . . ... .. ... .. 47
3.3.3 RQ3: Methodologies . . . . . ... ... ... ... 50

3.4 General Discussion . . . . . . . . .. 52
3.4.1 The Effects of Adaptation . . . . . . .. ... ... ... ... ... 53
3.4.2 Therole of Emotion . . . . ... ... ... ... ... .. .. ... 56

3.5 Conclusion . . . . . . . . 59
4 Narrowing the Gap 61
4.1 TImproving the Theory . . . . . . . . . . ... . . . 63
4.1.1 ThePlayer . . . . . . . . 63
4.1.2 The Game . . . . . . . . . 65
4.1.3 Closing The Loop. . . . . . . . . . . . 65
4.1.4  Summary . . ... ... 66

4.2 Improving the Practice . . . . . . . . . . .. 67
4.2.1 Theory about Target Emotion . . . . . . ... .. .. ... ... ... 68
4.2.2  First domain: Design Emotional Output . . . . . .. ... ... ... 70
4.2.3 Second domain: Integrate Emotional Input . . . . . . ... ... .. 73
4.2.4  Summary . . ... ... e e 7

4.3 Conclusion . . . . . . . . . 79



Contents

5 Affect in Adaptive Systems: Creating "The Flow Experience"

5.1 Aims and Motivation . . . . . . . . ...
5.2 The Game: The Flow FExperience . . . . . . . . . . .. .. ... ....
52.1 Gameplay . . . . . ...
5.2.2  Visual and Sound Design . . . .. ... ... ... ... ... .
5.23 Pilot Study . . .. ...
5.3 Study: Testing Phase . . . . . . . . .. .. ... L.
5.3.1 Materials and Methods . . . . . .. ... ... ... ... ...
5.3.2 Results . . .. ...
5.4 Study: Adaptation Phase . . . . . ... ... ... ... .. .. ...
5.4.1 Materials and Methods . . . . . . ... ... ... L.
542 Results . ... ..
5.5 General Discussion . . . . . . . ...

5.5.1 Associations Between Game Characteristics and Player Emotion
5.5.2 Adaptation Strategies Based On Emotional Information . . . .

5.6 Conclusion . . . . . . . . . .

6 A Case for Emotional Output

6.1 Background . . . . .. .o L
6.2 Materials and Methods . . . . . . .. . ... oo oL
6.2.1 Dataset and Preprocessing . . . . . . ... ...
6.2.2 Analysis . . . . ..
6.2.3 Ethics Statement . . . . . . ... ...
6.3 Results. . . . . . .
6.4 Discussion . . . . . . . ..o

6.4.1 The Role of Relaxing Games in Increased Daily Player Peaks
6.4.2 Means of Relaxation . . . . ... . . .. ... ... ... ....

6.5 Conclusion . . . . . . . . .

7 A Case for Emotional Input

7.1 Background . . . . .. ..o
7.2 Materials and Methods . . . . . . . . ...
7.2.1 The Underwood Project . . . . . . ... ... ... ... ....
7.22 Measures . . . ...

81
.o 82
Lo 84
... 8
... 86
... 86
... 86
... 86
... 90
o0 9
R 2
... 96
o097

97
... 100
... 102

105
... 107
... 109
... 109
..o 112
.. 112
.. 112
... 116

. 117
... 119
R A



Contents

7.2.3 Procedure . . . . .. ... 129
7.24 Participants . . . . .. ..o 130
725 Analysis . . . . .. 131
7.2.6 Ethics Statement . . . . . .. ... 132
7.3 Results. . . . . . 132
7.4 Discussion . . . . . . ... 135
7.5 Conclusion . . . . . . . .. 138
8 The Future of Affective Systems 139
8.1 Related Work . . . . . . . . . 140
8.1.1 Affective Agents . . . . . . . ... 140
8.1.2 Language Model Approach . . . . ... ... ... ... .. ..... 142
8.1.3 Appraisal-Prompting Strategy for Emotion Simulation . . . . . . .. 144

8.2 Experiment 1: Investigating Situational Emotional Understanding Using
Appraisal-Prompting . . . . . . .. ... 0oL 147
8.2.1 Materials and Methods . . . . . . . .. . ... ... L. 147
8.2.2 Results . . . . . 148
8.3 Experiment 2: Content of an Appraisal-Based Chain-of-Emotion Architecture149
8.3.1 Materials and Methods . . . . . . . .. .. ... ... L. 149
8.3.2 Results . . . . . . . 152
8.4 Experiment 3: User Evaluation of Game Implementations . . . .. .. ... 153
8.4.1 Materials and Methods . . . . . . . .. .. ... L. 154
8.4.2 Results . . . . .. 157
8.5 Discussion . . . . . . . .. 159
8.5.1 Emotional Intelligence in Language Model Agents. . . . . . . . . .. 160
8.5.2  User Interaction with Chain-of-Emotion Language Model Agents . . 161
8.5.3 Limitations . . . . . . . ... 162
8.6 Conclusion . . . . . . . . . . 164
9 General Discussion and Conclusion 165
9.1 Summary of Empirical Work and Contributions . . . . . . .. .. ... ... 165
9.1.1 Chapter 3 . . . . . . . . 165
9.1.2 Chapter4d . . . . . . . 167
9.1.3 Chapter 5 . . . . . . . . 168



Contents

9.1.4 Chapter 6 . . . . . . . . . e
9.1.5 Chapter 7 . . . . . . . .
9.1.6 Chapter 8 . . . . . . . .
9.2 Progressing Affective Systems . . . . . . . .. ...
9.2.1 Emotion Design for Game Designers . . . . . . ... ... ... ...
9.2.2 Emotion Design for Researchers . . . . . . . ... .. ... ... ...
9.2.3 Emotion Design for Affective System Engineers . . . . . . . . .. ..
9.3 Limitations and Future Directions . . . . . . . .. ... ... ... ... ..
9.3.1 The Emotion Design Framework . . . . . ... ... ... ... ...
9.3.2 Understanding Players . . . . . . . .. ... ... ... ... ...
9.3.3 The Future of Affective Games . . . . . . .. ... ... ... ....

9.4 Conclusion . . . . . . . . .

Appendix

Supplementary Material

A.1 Chapter 3: The Theory-Practice Gap . . . . . . . .. ... ... ... ....
A.2 Chapter 6: Beyond Adaptive Games . . . . . . . .. ... ... ... ....
A.3 Chapter 7: The Future of Affective Systems . . . . . . ... ... ... ...

The Flow Experience: Design Rationale

B.1 Narrative . . . . . . . .
B.2 Gameplay . . . . . ..
B.3 Levels and Progression . . . . . . . . . .. ...

B.4 Emotion Design Implementation . . . .. ... ... ... ... ... ...

Abbreviations

X

183

183
183
195
206

211
212
214
216
216

219






List of Figures

1.1

1.2

2.1
2.2

2.3

24

2.5
2.6

3.1

3.2

Concept of an emotional feedback loop as an illustration of the ongoing

affective relationship between a game system and a player, adapted from

Sundstrom [27]. . . . .. oL 3
Mlustration of chapter structure. . . . . . . . . . ... ... ... ... 8
Graphical illustration of the circumplex model, adapted from Posner [63] . . 14

Graphical illustration of the cone model with distinct categories by Plutchik
[82]. The vertical dimension represents intensity, and the circle represents
similarity among emotion families that are categorized through eight pri-
mary emotions: Rage, vigilance, ecstasy, admiration, terror, amazement,
grief, and loathing. . . . . . . . . . .. ... 16
Simplified illustration of interactions between multiple emotion components.
Most models of emotion components argue for simultaneous interactions
between components and as a consequence their influence on each other in

multiple directions (see e.g. [98]), as illustrated with the double-sided arrows. 21

Illustration of the framework of product experience by Desmet and Hekkert

Illustration of the technical implementation of an affective feedback loop
adapted from Bontchev [44]. Physiological data is measured at time ¢ (in-
dicated as r(t) at an optimal set-point level (r0); s(t) is the adapted game

stimuli (e.g. difficulty level) in time ¢; €(t) is the error, i.e. the difference

between 70 and r(t). . . . .. 32
Flow diagram of data extraction process. . . . . . . . . . ... .. ... ... 41
Counts of included studies by year. . . . . . . . ... ... ... ... 44



List of Figures

4.1

4.2

4.3

4.4

5.1

5.2

Illustration of the emotional feedback loop as an expression of game-player
interaction. The game system uses emotional input that infers information
about player emotions and adapts the emotional output accordingly. The
player appraises the output on multiple variables which leads to interactions
on measurable emotion components that can in turn be used to close the

feedback loop. . . . . . . .

Ilustration of the practical framework: To elicit a target emotion, both
the domain of the game material and the domain of the user input need
to be considered. Potential game characteristics (domain 1) and user input
variables (domain 2) that could relate to the target experience need to be
identified (step 1), and tested in user research (step 2). The gathered infor-
mation can be used to introduce adaptivity of the game material based on
user input to bring the product closer to the intended experience (step 3)
or to improve research by further developing theoretical assumptions about

the target emotion (dashed arrows) . . . . . . . ... ... ... ..

Model of relevant variables for the user research that allows the connection of
emotional output and emotional input through experience measures given a
game context. The tested statistical relationships can be used to inform the
design of emotional evocative games, without the need for specified emotion

models. . . .

Example of process application using melancholy as an aesthetic experience.

Illustration of the structure of this chapter: Each empirical experiment tar-
gets a specific process in the emotion design framework. Study 1 showcases
the user research phase and the resulting information is used to build an

affect-adaptive game, which is evaluated in Study 2 against a control game.

Illustration of the relevant emotional information to design and test affect-
adaptive video games. We describe information that could infer the emo-
tional state of the player as potential emotional input. Information that
could influence the emotional state of the player is described as potential
emotional output. In order to create a functioning affective loop, the rela-
tionship between subjective experience and both potential emotional input

and output must be examined. . . . . . .. ... L.

78

82



List of Figures

5.3

5.4

9.5

5.6

6.1

6.2

6.3

6.4

6.5

6.6

Screenshots of the first (top left), second (top right and bottom left) and
last (bottom right) experimental level of The Flow Experience. Top: The
player evades projectile attacks by the enemy through simple movement.
Bottom Left: The player blocks a row of incoming projectiles with a shield.
Bottom Right: The player dashes through wave attacks to not get hit. The
top bar in each screenshot indicates the current state of the level, i.e. the

time remaining. . . . . . . . ..
In-game implementation of the Affect Grid adapted from Russel [276] . . . .

Bar graphs of the interactions. Left: Effect of attack speed on valence
change by level (game context). Right: Effect of attack speed on valence
change by expressions of the linear player model consisting of the number

of blocks and number of deaths. Error bars symbolize standard error (SE). .

Bar graphs of the effects on valence change. Error bars symbolize standard

error (SE). . . . . .

Illustration of the emotional output testing phase of the Emotion Design
Framework. The core assumption of the framework is that the statistical
relationship between game material and experience is dependent on context
and individual differences and needs empirical testing. Assumptions about

this relationship might lead to misguided conclusions. . . . . . . . . .. ...
Flow diagram of the number of games screened and included in the study.

Empirical quantile-quantile plot of the covariate. Depicted are the quantiles
of the covariate (ADPPs 2019) for the relaxing and control group before and
after matching. Small distances between sample points and the diagonal

indicate close similarity. . . . . . .. . ... o L

Propensity scores of matched and unmatched samples. Relaxing games are

the treated units and control games are the control units. . . ... ... ..

Scatterplot of the relation between ADPPs in 2019 and ADPPs in 2020 by

groups. Scales have been log-transformed for clearer data presentation. . . .

Boxplots of the differences in ADPPs in 2020 by groups. Scales have been

log-transformed for clearer data presentation. . . . ... .. ... ... ...

xiii

93

116



List of Figures

7.1

7.2

7.3

7.4

7.5

7.6

8.1

8.2

Illustration of the emotional input testing phase of the Emotion Design
Framework. It is assumed that as with the emotional output, relationships
between player input (gameplay, physiology, movement, etc.) and subjective
affect are dependent on context and individual differences. . . . . . . . . ..
Screenshots of the Underwood VR experience. Top row left to right: Neutral
starting room, neutral recovery room, lift to basement level, bottom row
left to right: anxiety-inducing starting room, anxiety-inducing room with a
lantern, late anxiety-inducing room. . . . . . .. .. oo Lo
Mustration of the PCA results. The X-axis shows the new components, the
Y-axis shows the original predictors. . . . . . . .. ... ... ... .....
Scree plot showing the explained variance ratio of the individual principal
COMPONENtS. . . . . . . . L. e
Illustration of mean subjective valence over time of the sleep-rested group
(left) vs. sleep-deprived group (right) for the duration of the Underwood
project experience sampled at 1Hz. . . . . . . .. ... ... .. .......
Ilustration of interaction effects between condition and PC1 as well as con-
dition and PC2 on predicted valence. The valence prediction made by the
components changes significantly depending on the group condition (sleep

rested vs. sleep deprived). . . . . . ...

Schematic representation of the proposed architecture. Agents are set up
by providing relevant context and role-playing character information already
integrated into a memory system. In interactions, user input gets stored in
the memory system and triggers appraisal (i.e., explicit emotion expression)
that is also stored in the memory system. Based on the current state of the
memory system, agent output is generated. . . . . ... ... L
Example of model input and output for the three conditions. The input of
the No-Memory and Memory condition is the same for the first item. For the
No-Memory condition, all following items only include the example question
and answer, as well as the next question in the scale. The Memory condition
includes all prior questions and generated answers. The Appraisal-Prompts
condition is the same as the Memory condition, but the example answer is
changed to include two steps: First, appraising the situation to generate

emotions of the involved person and second, providing the answer. . . . . .

Xiv



List of Figures

8.3

8.4

8.5

Al

B.1
B.2

B.3

B4

B.5

Results of the comparison between conditions. The Y-axis represents cu-
mulative STEU score by item and the X-axis represents individual STEU
bems. . ..o
Illustration of prompting strategies for all three conditions. The No-Memory
condition constructs a prompt out of the system instruction and the user
input. The Memory condition constructs a prompt out of the system instruc-
tion, message history, and user input. The Chain-of-Emotion condition uses
a separate LLM call to appraise the agent’s emotion for each message before
creating a user response. It therefore constructs a prompt out of the sys-
tem instruction, the message history, the history of the emotions generated
through the appraisal step, and the user input. . . . .. ... .. ... ...
Screenshots of the conversational game “Wunderbar". The left screenshot
shows dialogue provided by the model. The user can click to continue each

dialogue line until the input field for a response appears (right screenshot). .
Mean ADPP by time for relaxing games vs control games. . . . . . . . . ..

Title screen with logo of the released version of The Flow Experience [5] . .
Level description screen of "Zvaigzne" from the Flow Experience. Each
level represents a different symbol and provides some information about the
symbolic ideas, historic value, and gameplay connection. . . . . . . .. . ..
Screenshots of some levels of The Flow Experience. Top Left: Example of
unique projectiles to evade through movement. Top Right: The dash is used
to escape from non-guardable projectiles. Bottom Left: Example of different
cultural ideas communicated through small theming details. Bottom Right:
A more intense late-game level with many projectiles to evade. . . . . . ..
Screenshots of the level select screen of The Flow Experience. Solving a
level (any variant) will open up all outgoing connections to the next levels. .
Screenshots of the "Spirits" screen of The Flow Experience, introducing
gameplay customisation based on player preference. This was included as a

way to provide gameplay adaptations based on individual preferences.

XV

155

195

211

217

. 218






List of Tables

2.1

2.2

2.3

3.1
3.2

3.3

3.4

5.1

Affective states with some of the identified design features (see [52], [53],
[55]). Event focus refers to the connection of the state to a triggering
event (see also affect intention [53]). More potential design features in-
clude the synchronization between organismic subsystems (Chapter 2.1.3),
behavioural impact, and appraisal involvement [55]. . . . . . . ... ... ..
Selection of proponents of discrete emotion models, their collection of fun-

damental emotions, and the basis for inclusion for these emotions by Ortony

Summary of major foci of emotion theory perspectives, with explanation for

emotion elicitation, and differentiating factors. Adapted from Scherer [28],

List of genres for adapted games analyzed in this review. . . . . . . . . . ..
List of included studies, outcome variables, outcome assessment instrument,
effect direction (non-significant effects marked with n.s.), and observed effect
size if sufficient information was provided. . . . . . . .. ... .. ... ...
List of included studies, definition of underlying emotion structure, emo-
tional state labels, emotion measure, whether the measure was tested in
the study, the in-game adapted material used for emotion elicitation, and
whether the effect of this material on emotion elicitation was tested in the
study. . ...
Included studies, sample size (N), reported demographics (% male and mean
age), statistical test, estimated power assuming a medium effect (0.5 SD),
target effect size (ES), and risk of bias (RoB; + refers to low risk; + /- refers

to some concerns; - refers to high risk of bias). . . . . . .. ... ..

Descriptive data over all three experimental levels by conditions. . . . . . .

xvii



List of Tables

5.2

6.1
6.2
6.3
6.4

7.1

7.2
7.3

8.1

8.2

8.3

8.4

Al

A2
A3

Descriptive data for each experimental level and adaptation condition. . . . 96

Release years of games in the relaxing group and control group (2008-2013). 113
Release years of games in the relaxing group and control group (2013-2019). 113

Genres of games for the relaxing group and the matched control group. . . . 114
Sample size (N), mean (M) and standard deviation (SD) for the ADPPs in
2019 and 2020 by groups. . . . . . . ... 115

List of predictors by type and the corresponding aggregation function for
the down-sampling step. . . . . . . . . ... 129
Correlations between each predictor and valence with corresponding p-value. 132

Results of the mixed linear regression model. . . . . . . .. ... ... ... 135

STEU scores (out of 42) by condition. Each STEU item can either be right
(1) or wrong (0) . . . . . . oo o 149
Descriptive overview of LIWC variables per output sentence by condition
for the fixed prompt responses with F and p values of the significance test. . 154
Descriptive overview of user research variables per condition with F and p
values of the significance test. Each item has a minimum value of 0 and a
maximum value of 6. . . . . . ... 158
Descriptive overview of LIWC variables per participant by condition for all

outputs generated in the user study with F and p-value of the significance

Complete list of studies included in the review with summaries of aims,

methods, and conclusions. . . . . . . .. ... ... L 183
Complete list of games included in the final sample . . . . . . ... ... .. 195
Instruction, input, and responses for Experiment 2 of Chapter 7 . . . . . . . 206

Xviil



Acknowledgements

A defining moment in my academic journey was when I was asked why I would make my
project harder than it needed be. There was an expectation of finding novelty that — if
any researcher would be so lucky — happened to reflect truth, and not, how I might have
possibly assumed, to find truth in what never could be novel. Maybe research is at times
like being a cage in search of a bird.

Academic success can mean many things — in this case, I believe it means coming out on
the other side with a piece of writing that could confidently be called a “Work in Progress”.
But regardless of the meaning, I am sure the single most important predictor of success
is social support and I've been priviliged enough to have experienced that throughout my

time as a Ph.D. candidate.

I am very grateful to my supervisors Cade McCall and Guy Schofield. It cannot be
taken for granted to have supervisors who genuinely cared - and not only about the work,
but also my personal development. Thank you for supporting me through every new idea
(the good and bad ones), every change in plan, every roadblock and success.

I thank my advisors David Zendle and Laurissa Tokarchuk. Your interest and ideas
helped to shape the thesis to what it now is.

I'm thankful for the IGGI program, my cohort full of talented and interesting people,
and the admin team that helped throughout with various resources and opportunities.

I thank my family and my friends for having always inspired (and continue to inspire)
my curiosity and creativity.

I’'m thankful for you, Madeleine, and incredibly proud for everything you have accom-

plished during these last few years.

Xix






Declaration

I, Maximilian Croissant, declare that this thesis is a presentation of original work and I
am the sole author under the supervision of Dr. Cade McCall (primary supervisor) and
Dr. Guy Schofield. This work has not previously been presented for a degree or other
qualification at this University or elsewhere. All sources are acknowledged as references.
Maximilian Croissant wrote the complete original draft of each chapter of this thesis.
Cade McCall and Guy Schofield each provided feedback on the drafts of all chapters. Some

parts of this thesis have been published in conference proceedings and journals:

e Chapter 3: Maximilian Croissant, Guy Schofield, Cade McCall. Theories, method-
ology, and effects of emotion-adaptive games: A systematic review. In Entertainment
Computing, Volume 47, August 2023 [1]. All authors conceptualized and designed
this study. Maximilian Croissant conducted data search, data extraction, and anal-

yses.

e Chapter 4: Maximilian Croissant, Guy Schofield, Cade McCall. Emotion Design for
Video Games: A Framework for Affective Interactivity. In ACM Games: Research
and Practice, 1(3), 1-24 |2]. Maximilian Croissant conceptualized this study, curated
relevant literature, and synthesized results. Cade McCall and Guy Schofield provided
feedback.

e Chapter 5: Maximilian Croissant, Madeleine Frister, Guy Schofield, Cade McCall.
The Flow Experience: Evaluating Emotion Design Principles Within a 2D Action
Game. Accepted at International Journal of Human-Computer Interaction.. Maxi-
milian Croissant, Guy Schofield, and Cade McCall conceptualized and designed this
study. Maximilian Croissant and Madeleine Frister jointly conceptualized, designed,
and developed the video game "The Flow Experienced" used in this study. Maxim-

ilian Croissant was responsible for data acquisition and all statistical analyses.

Xx1



e Chapter 6: Maximilian Croissant, Madeleine Frister. A data-driven approach for
examining the demand for relaxation games on Steam during the COVID-19 pan-
demic. In PLoS ONE, Volume 16, December 2021 [3|. Both authors conceptualized
and designed the study. Madeleine Frister investigated relevant literature. Maximil-

ian Croissant curated data and conducted all analyses.

e Chapter 7: Novel analyses of data from a study by Emma Sullivan, Cade Mc-
Call, Maximilian Croissant, Lisa-Marie Henderson, Guy Schofield, and Scott Ash-
ley Cairney, “Sleep deprivation influences in-the-moment arousal during exposure to
prolonged threats” (preprint; in review). The analyses and research questions in
this chapter are all novel. They were conceptualized and designed by Maximilian
Croissant, Guy Schofield, and Cade McCall. Statistical analyses were conducted
by Maximilian Croissant. Maximilian Croissant, Guy Schofield, and Cade McCall

conceptualized and designed this study.

o Chapter 8: Maximilian Croissant, Madeleine Frister, Guy Schofield, Cade McCall.
An Appraisal-Based Chain-Of-Emotion Architecture for Affective Language Model
Game Agents. In PLoS ONE, Volume 19, May 2024 [4]. Maximilian Croissant,
Guy Schofield, and Cade McCall conceptualized and designed this study. Maximil-
ian Croissant and Madeleine Frister jointly conceptualized, designed, and developed
the video game demo used in this study. Maximilian Croissant curated data and

conducted analyses.

e Game Project: Maximilian Croissant, Madeleine Frister. The Flow Experience.

|Game]. Vanilla Noir, February 2022 [5].

Copyright (© 2024 by Maximilian Croissant
The copyright of this thesis rests with the author. Any quotations from it should be
acknowledged appropriately.

xxii



Chapter 1

Introduction

"T don’t want to be at the mercy of my emotions. 1
want to use them, to enjoy them, and to dominate

them. "
— Oscar Wilde, The Picture of Dorian Gray [6]

People love to play. The video game industry has experienced steady growth over the
years, leading to a market size value of over 160 billion US dollars in 2020 |7], [8] and a
forecast of over 290 billion US dollars in 2027. More than 65% of US citizens play video
games at least one hour per week [9], similar to the over 51% of players in Europe [10].
There is no question about the ever-growing popularity of video games that has led to
significant advancements in video game research over the last years, addressing a variety
of questions such as: Why do people play? How can we better understand players and
their behaviour by studying games? What are the positive or negative effects of games
on health and behaviour? How can we improve video games from a technical, mechanical,
and artistic perspective?

These efforts are easily justifiable by the extreme popularity and sales alone, especially
considering that the video game industry is comparatively young with early mainstream
games only released in the 1970s. The market is constantly evolving with new hardware
and software innovations every year, underlining the role of video games as one of the most
popular media in the entertainment industry, as well as a promising sector for areas such as
health and education [11], as potentially beneficial contributors to cognitive and emotional
abilities [12], and as a prime example of applied human-computer interaction (HCI).

Undoubtedly there is a lot to gain from video game research for both commercial and

academic interests and in order to add meaningful contributions to the field, it is necessary
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to understand why people are increasingly drawn to video games.

Based on classical research on intended actions, Klimmt and Hartmann argue that video
games offer distinct affective benefits that motivate video game play and differentiate the
medium from other entertainment products, such as movies or music [13]. The first benefit
is the concept of effectance, initially introduced by White [14], which can be seen as a
strong feeling of satisfaction that arises by the perception of having an impact on the
world. As Klimmt and Hartmann argue, the interactive nature of a video game world is
inherently designed to feed into this feeling. The second discussed benefit is self-efficacy, a
classical psychological concept originally described by Bandura [15]. It may very well be
the case that the rewarding feeling of our sense of mastery at least partly accounts for the
emotional appeal of video games. Building on similar psychological concepts, more recent
experimental research approaches the motivational pull of video games in a perspective of
self-determination theory [16]-[18]. Following this theory, both the appeal for consumers
and the actual positive affective effects resulting from playing are based on the basic
psychological needs for competence, autonomy, and relatedness. Again, it is argued that
the interactivity of video games can provide deeply rooted basic satisfactions that we need
in order to be happy. In other words, more so than with passive media, we are in control of
what is happening, can make independent decisions that have an impact on the experienced
outcome, and - for example in the case of multiplayer games - can relate to others and
therefore experience meaningful social interactions. Every year, more and more research
applies underlying motivational concepts such as self-determination theory, making the
affective rewards of games a central focus point in works about design tools and player
experience analysis [19]. In fact, such rewards seem not only crucial in explaining player
motivations but have also been associated with the act of watching other people play games

[20], extending the potential impact even further.

To put it in slightly different terms, the emotional relationship between players and
games seems to explain much of the appeal of video games and consequently plays an
important role in utilizing their potential benefits. Because of this, the game design process
is primarily focused on user experiences, or as Jesse Schell puts it in the Art of Game

Design:

“[...] creating them [experiences| is all a game designer really cares about.”

[21]
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1.1 Emotions in Video Games

Of course, the importance of affective experiences has been known in the world of design,
long before video games became relevant. There are a number of interactional models, for
example for "product emotions" [22|, building upon highly influential work of researchers
like Norman [23], [24], who investigated the affective relationship between products and
customers and described it in simple terms in the title of his book: Emotion and Design.
Attractive things work better. [23]

If we assume that the high commercial and academic interest in a very much growing
video game industry is rooted similarly in an emotional relationship between the games and
the players (illustrated in Fig 1.1), the natural consequence would be to try to understand
every aspect of this relationship. Not only might this lead to the creation of better and
more successful games, but it could also further our understanding of human emotion itself
and help unlock possibilities of video games promoting targeted emotional support and
well-being, as discussed in current reviews about the positive effects gameplay can provide

[25], [26].

/N\]
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Feedback
Loop

R ~—

Figure 1.1: Concept of an emotional feedback loop as an illustration of the ongoing affective

relationship between a game system and a player, adapted from Sundstrom [27].

Still, understanding this relationship is not an easy task. For a start, emotions as a
psychological construct are still a topic of fundamental theoretical debate [28]. Many emo-
tion theoretical perspectives have developed with quite different core assumptions relating
to the functions, involved physiological and psychological mechanisms, and expressions of
emotions [29]. Not only does this fact still to this day lead to differences in interpreting

empirical data depending on the perspective [28], it also creates a gap between the scien-
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tific construct of "emotion" and "emotion as part of peoples’ everyday life and experience".
Everybody has a concept of emotion, everybody knows what anger, sadness, and happiness
feel like. Naturally, art is created and consumed with emotions in mind - the connection
between art and feeling was studied even in ancient Greece [30]. Still, the precise nature,
underlying mechanisms or even basic scientific definitions remain a point of contention
among experts [28]. Emotions span countless semantic labels [31], countless theoretical
models [29], and countless expressions that are being measured by various instruments

32].

For video games in particular - as both a form of art and an interactional computing
medium - this gap between fundamental emotion theories and in practice applied affective
technologies becomes obvious. In fact, while we still develop and research theoretical con-
cepts such as "universal and basic emotions" [33], [34], "cognitively appraised emotions"
[35], [36], "socially constructed emotions" [37], [38], art-related "aesthetic emotions" [30],
"product emotions" [23], and many more, we simultaneously develop and apply techno-
logical implementations within video games to make use of these models, for example, to
create affect-aware computer agents [39], to measure and interpret emotions in real-time

[40] and to adapt the games according to player emotions to optimize user experience [41].

This theory-practice gap has been acknowledged since the early days of "affective com-
puting" research, particularly by the highly influential works of Rosalind Picard [42], [43],
who outlined the distinct challenges any affect-aware computer faces, given the theoret-
ical uncertainty around emotions in areas such as emotion sensing, emotion expression,
and affect modelling [43]. These include challenges in making reliable recognition efforts
in idiosyncratic and poorly defined modes of emotion expressions; the limited availabil-
ity of accurate cognitive models (and therefore unknown interactions between emotions
and other mental components); the technological limitations in sensing, understanding,
and expressing emotions; as well as unclear ethical implications when it comes to emotion

recognition and targeted elicitation efforts.

Even though this gap is well documented, numerous studies have been conducted to
propose models, analyses, and affective game implementations, focused not necessarily on
the fundamental challenges in the fields, but rather on the potential benefits of affective
games [40], [44], [45]. These benefits are mostly described by three high-level heuristics,
originally proposed by Gilleade et al. [46]: "Assist me" as an aspect of affect-aware games

to assist players in emotional tasks, "challenge me" as an aspect of affect-aware games
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to propose the optimal challenge level for every player, and "emote me" as an aspect for
affect-aware games to optimize specific emotional experiences. And while current reviews
show some potential of affective games to reach these goals [44], [45], none of the challenges
outlined by Picard [43] have been solved, casting doubts on the informative value of some
of these empirical efforts. Furthermore, the affective system Gilleade described can be seen
as a form of affective adaptation system, i.e. a system that measures, models, and reacts
to player emotions [47]. While it is necessary to provide further research to advance com-
plete affect-adaptive systems, there is also considerable interest in understanding emotions
for video games that just try to elicit a target experience without real-time adaptation
mechanisms. All games try to build an emotional connection with the player [21] - so the
most useful version of a scientific understanding of the emotional player-game relationship
should not restrict itself to games that adapt its content to player emotions in real time.
With that in mind, the main aim of this thesis is to research and analyse the theoretical
issues that currently impact the field of affective systems, and explore potential ways to
make meaningful practical contributions to the field, or in other words: to first thoroughly
analyze the theory-practice gap and to then narrow it through new methods, theoretical

models, and technological architectures revolving around the emotional player-game loop.

1.1.1 Possibilities

The fact that affective video games have the potential to achieve some or all of the goals
outlined by Gilleade et al. [46] and expanded by researchers such as Hudlicka [39], [41] is
not disputed. It is the general consensus that affective systems in video games could help
create better emotional experiences, help different types of players overcome challenges,
optimally adapt game material to a target emotion, and even provide health benefits in the
form of targeted training or through positive experiences [41]. There is also little doubt
about the central role of emotions when it comes to designing and developing games [21],
[48], [49] or the importance of deeply rooted psychological mechanisms when explaining
play motivation [16], [17].

If we can better understand the underlying concepts grounded in psychology, we will
gain a better grasp on the interactive relationship between players and games. This in
turn could lead us to build new tools and games that promote the proposed affective gam-
ing benefits. The consequences that would emerge from understanding and narrowing the

theory-practice gap could impact future research directions within the fields of psychology,
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design, and computer science. Understanding the gap would mean thoroughly analysing
work revolving around the current theoretical debate about emotion models, empirical
work focusing on affective video games, and other relevant research in design and affective
computing. Narrowing the gap would, in turn, mean providing further theoretical ground-
work that makes the application of emotion theories in game contexts more robust and
certain, and streamlining the process of developing and researching affective games, while
not only acknowledging the unique challenges in the field but working towards solutions.
Better understanding the affective player-video game relationship holds the potential
to (a) help to overcome some of the challenges connected to applying psychological emotion
theories in games; (b) make it easier to understand and develop affective systems; (c¢) work
towards the proposed benefits of affective video games for all games that build an emo-
tional relationship with the player; (c) facilitate the creation of advanced affective artificial
intelligent game agents; and (d) assist psychological research in better understanding emo-
tions given a specific interactional context. The theoretical, technological, and empirical

contributions within this thesis have the aim to work towards these possibilities.

1.2 Objectives

The main motivation of this thesis is to contribute to the understanding of the emotional
interaction between players and games, both in terms of clear, consistent theory and prac-
tical tools that allow for the research and development of different affective video game
systems. It will integrate contemporary findings from psychology, design, and HCI research
into a framework consisting of (a) a robust theoretical model; and (b) a practical guide.
Furthermore, this framework will be accompanied by empirical experiments and technical
demonstrations of video games to provide data-driven proof-of-concepts both as a way to
provide useful guides and as validation efforts for the framework itself. In general terms,

this research will be based on one main hypothesis:

A new framework for understanding and developing affective interactivity in
video games can be developed that solves theoretical and methodological problems
currently present in the field to ultimately guide our understanding of affective
games and provide ways to easily develop and test emotional game systems.
Ultimately, these efforts can be used to create new system architectures that

advance the state-of-the-art in emotional game systems.
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In order to properly achieve this aim, the work in this thesis is broken down into

multiple sub-objectives as follows:

1. Providing a comprehensive and systematic analysis of the theoretical underpinnings,
and methodological approaches of traditional affect-adaptive video games in order to
give a clear overview of the potentials and problems in the field that the framework

needs to address

2. Developing a framework for affective systems that can be applied to emotion adap-
tation and emotion simulation with careful consideration of research directions from
the perspectives of psychological emotion theory, affective computing theory, and

design and affective game theory:

(a) The first part gives a theoretical model with clear and useful components to

explain and describe affective interactivity

(b) The second part gives a practical guide to research and develop affective software
while mitigating the risk of making false theoretical assumptions and providing

rigorous methodological standards

3. Empirically testing the proposed model and process by developing a new emotion-
adaptive video game based on the framework, with a large-scale evaluation of the

observed benefits

4. Applying the framework in different contexts beyond full real-time emotion-adaptive
games, i.e. games that only implement some affective systems (like elicitation) and
not all to help understand the broader implications of the emotional player-game

relationship within human-computer interactions

5. Researching new affective systems with progressive new technologies to inform about

future possibilities of affective game systems

1.3 Structure of the Thesis

To meet the aforementioned objectives, I have developed a variety of studies and game
prototypes with methodologies specifically chosen for their potential knowledge gain for

each step. This thesis as a whole utilizes a top-down approach, meaning it was carried
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out starting from an overall conceptual perspective to build a solid base for each following

contribution. The structure of this thesis mirrors the approach taken:

Chapter 1:
Introduction

'

Chapter 2:
Theoretical Overview
. ™
Theoretical Chapter 3: Methodological
Issues Systematic Review Issues
- /
~
’ Chapter 4: Y
Improved Emotion Design Newly developed
theoretical model Framework practical guidelines
- /
\ Chapter 5:
Evaluatlon Studies
Chapter 6:
Application: Emononal Output
Chapter b
Application: Emononal Input

Chapter 8:
Future of Affective Systems

Figure 1.2: Ilustration of chapter structure.

Chapter 2: Starting from a general literature overview, this thesis outlines the concept
of affective game systems from a psychological, design, and computing perspective. The
aim of this step is to provide a deep overview of key literature in each field to better inform
the following approaches of the thesis.

Chapter 3: A systematic review analyses more thoroughly a literature sample re-
searching traditional affect adaptation in video games. The aim of this step is to system-
atically evaluate research in the field in order to better outline the problems regarding
theoretical approaches and methodology standards. Results of these chapters are used to
inform the development of targeted solutions in both areas.

Chapter 4: This chapter presents the theoretical model and practical guide of the
framework. This framework collects and integrates previous findings into a theoretical

model based on the affective feedback loop and a practical guide. The framework therefore
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specifically targets barriers in theory integration of relevant fields and addresses method-
ological concerns by providing a flexible step-by-step guide to develop and research affective
game systems.

Chapter 5: The newly developed framework is empirically evaluated by applying it to
a newly developed affect-adaptive video game. The evaluation is conducted in two steps,
mirroring the practical guide of the framework: (a) using the theoretical components of
affective interactivity, the statistical relationship between the video game and the player
is analyzed; (b) based on the gathered information, an adaptive version is developed and
compared to a control version of the game in a randomized controlled trial (RTC) in terms
of their effectiveness in eliciting affective positive experiences.

Chapter 6: Focusing more closely on individual components of the proposed frame-
work, this chapter uses concepts and methods of the framework related to emotionally
evocative game material presented to the player. It analyzes player behaviour during the
COVID-19 pandemic to better understand what makes a game relaxing in times of high
stress.

Chapter 7: This chapter uses concepts and methods related to measuring and mod-
elling affective player data to analyze the emotional journeys of participants playing through
a virtual reality (VR) horror game to better understand contextual effects on affect pre-
diction and emotion measurement techniques.

Chapter 8: This final research chapter investigates the possibility of using large lan-
guage models as affective game systems. The aim of this chapter is to test if large language
models (known for their abilities in understanding and creating meaningful semantic data)
can be used within the emotional game-player loop to function as fully affective systems
and what architectural patterns could facilitate the usefulness of such models in affective
systems.

Chapter 9: Finally, the general discussion of the thesis evaluates contributions and
limitations and provides an outlook for the future of the proposed model, technologies, and

the research of affective systems in video games and beyond.






Chapter 2

A Tale of Progress and Disagreement

"Almost everyone except the psychologist knows

what an emotion is."

— Paul Thomas Young [50/

In order to better understand the complex relationship between games and emotions,
there is a lot of work from multiple disciplines to consider. Naturally, the psychological
emotion research perspective provides decades of relevant theoretical groundwork and em-
pirical findings to shape how emotions can be understood and defined. Following a detailed
discussion on related psychological work, this chapter will discuss emotions from the per-
spective of design research, specifically game design research. Finally, the field of affective
computing provides us more deeply with models and technological methods that connect
affective information from players with computer engines making use of this information in
various ways. The aim of the discussion of these bodies of work is to provide an overview of
the state-of-the-art regarding emotions in video games that can help to identify knowledge
gaps that challenge scientific progress by combining psychological emotion theory with
game creation and research [43]. Ultimately, relevant literature from each discipline will
be used as a theoretical base to facilitate the creation of an integrative model of emotional

player-game interactions.

2.1 Emotion Research

While it seems naturally easy to grasp what the term "emotion" describes, there are a
number of issues in precisely defining the term in a scientific context. In 2010, Izard

[51] conducted a survey study with 35 highly acclaimed scientists in the field of emotion
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research, asking six questions about the definition, functions, and underlying mechanisms
of emotions. They found considerable disagreements in almost all answers, with only a
25% agreement in basic definitions of emotions, and even more disagreement in their views
of emotion function, emotion elicitation, and the relationships between emotion, cognition,
and action. In 2022, most of these disagreements are still not resolved [28|.

The fact that emotion as a construct represents multiple different perspectives and
interpretations has many important implications. For example, if emotion as a term is not
clearly determined, how can it be measured - or to put it differently - what is captured if
we attempt to measure it? What exactly can be the promise of emotion-adaptive games if
the adaptation is based on a potentially ambiguous concept? How are emotions currently
being viewed and applied in games research and what problems emerge through theoretical
uncertainties?

Before it is possible to fully unlock the potential of emotions in video games, it seems
necessary to first further explore the very foundation of the concept through theoretical
and empirical efforts. With this aim in mind, the following sections will discuss the current
main theoretical perspectives of emotions with a specific focus on their points of agreement
and disagreement. While it is true that there is still no consensus on the exact nature of
emotions, there are still decades worth of psychological work researching, refining, and
analyzing the phenomenon. A big step in validating the application of emotion concepts
in areas like HCI is a thorough understanding of what we currently know about emotions
(and clearing up any confusion about these known concepts) and what concepts can be
considered to be debated and are therefore potentially subject to change when we gain

more knowledge.

2.1.1 Affective States

In many disciplines, the terms "emotion" and "affect" are used interchangeably, which can
be a first point of confusion when trying to study emotions. Generally, affect is seen as
an umbrella term, describing multiple possible affective states that can be differentiated
through certain design features [52]-[54]. A selection of affective states with some of the
corresponding design features is collated in Table 2.1.

Emotions are seen as episodic affective states [56]-[58]. This means that they have a
fixed duration with varying emotion-specific onset and offset periods of a certain intensity

[55]. Differently to states like mood, stances, or attitudes, emotions are characterized by
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Affective Intensity Duration Change Event Focus
States Rapidity

Emotion medium to high low high high

Mood low to medium  medium medium low

Stance low to medium  low to medium high medium

Trait low high absence absence

Table 2.1: Affective states with some of the identified design features (see [52], [53], [55]).
Event focus refers to the connection of the state to a triggering event (see also affect inten-
tion [53]). More potential design features include the synchronization between organismic
subsystems (Chapter 2.1.3), behavioural impact, and appraisal involvement [55].

a rather short duration, and a high (and rapidly changing) intensity [52]. One additional
aspect is the strength of the connection to a triggering event. While affective states such
as traits are independent of triggering events, emotions elicitation is based on some form
of interaction with an event [52], [54]. While design qualities can be used to differentiate
between qualitatively different affective phenomena, it is important that some of these
qualities also differ between emotions to a certain extent [55|. However, making clear
statements about emotions becomes much easier if each is considered as a specific short
and often intense affective experience that can rapidly change and is deeply connected to a
triggering event. While states like mood and stance seem valuable as concepts to explore
when talking about affect in games, they may potentially be researched independently
from emotions due to their different features which influence theoretical assumptions about

function, elicitation, and modelling of these states.

2.1.2 Theoretical Perspectives

Even when focusing on emotion as the affective state of interest, questions regarding func-
tion, elicitation, and modelling will receive different answers depending on who is asked.
There are multiple traditions of viewing emotions in often completely different ways and
modern emotion research provides considerable empirical evidence for each perspective.
Over the years, the classical theoretical traditions converged in many ways, but there are
still highly contradicting aspects in their approaches that cannot be satisfactorily resolved.
As a consequence, each perspective will be presented and discussed to provide a compre-

hensive overview of the state of psychological emotion research.
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2.1.2.1 The Dimensional Perspective

Historically, the most important criterion of distinguishing emotions was the pleasantness-
unpleasantness dimension [59]. The idea to classify emotions on a scale representing posi-
tive and negative emotions developed into one of the most accepted classification criteria
and inspired highly-used diagnostic tools, such as the Positive and Negative Affect Scales
(PANAS) [60]. Building upon such a unidimensional model, Russell [61], [62] popularized
the circumplex model of affect (Fig 2.1) which added a dimension for activation or arousal,
giving the classification more depth while also providing means of distinguishing between

emotions with very similar valence, i.e. with a similar feeling of pleasure.

Some dimensional models also include the dimension of dominance, which is described
as a feeling of agency and influence [64]. The pleasure-arousal-dominance (PAD) model of
emotion as the basis of highly influential instruments used in emotion application studies,
such as the self-assessment manikin (SAM [65]). Recent support for dimensional models of
emotion relies upon evidence that patterns of neural activity [66] or peripheral physiological

responses [67] map onto such independent emotion dimensions.

High arousal
tense 4 alert
nervous excited
stressed elated
upset happy
Low Valence « » High Valence
sad contented
depressed serene
lethargic relaxed
fatigued ¢ calm

Low arousal

Figure 2.1: Graphical illustration of the circumplex model, adapted from Posner [63]
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Reference Fundamental Emotions Basis for inclusion

James [68] Fear, grief, love, rage Bodily involvement

Watson [69] Fear, love, rage Hardwired

Arnold [70] Anger, aversion, courage, dejection, de- Relation to action tendencies
sire, despair, fear, hate, hope, love, sad-
ness

Izard [71] Anger, contempt, disgust, distress, Hardwired

fear, guilt, interest, joy, shame, surprise
Plutchik [72] Acceptance, anger, anticipation, dis- Relation to adaptive biologi-

gust, joy, fear, sadness, surprise cal processes

Ekman [73] Anger, disgust, fear, joy, sadness, sur- Universal facial expressions
prise

Gray |74] Rage and terror, anxiety, joy Hardwired

Panksepp [75]  Expectancy, fear, rage, panic Hardwired

Tomkins |76] Anger, interest, contempt, disgust, dis- Density of neural firing

tress, fear, joy, shame, surprise

Table 2.2: Selection of proponents of discrete emotion models, their collection of funda-
mental emotions, and the basis for inclusion for these emotions by Ortony et al. [77].

2.1.2.2 The Discrete Perspective

In contrast to dimensional models, discrete emotion models argue for specific and distinct
emotion expressions and action motivations. They originate from the pioneering work of
Charles Darwin |78], who described lexical emotion terms based on potentially distinct
functionality that resulted from evolutionary needs. Modern descriptions of discrete emo-
tions have been popularized by the works of Tomkins |76] and Izard [79], which resulted in
the common description of basic emotion categories. Another famous proponent of such a
view is Ekman, who provided evidence of universal and therefore culture-independent facial
expressions [33]. This has led to the view of emotions as fixed, often biology-dictated con-
structs. Neuropsychological circuit models mirror this idea by arguing for emotion-specific
neural networks for certain emotions, which resulted from an evolutionary necessity [80],

[81].

Many proponents of discrete emotion models argue for a collection of fundamental
emotions [77]. A selection of some of the most influential research works, their defined
fundamental emotions, and their basis for inclusion can be seen in Table 2.2. Today,
fundamental emotions are seen as distinct categories or families of emotions and include
emotions such as anger, fear, joy, sadness, and disgust. One such model is the cone model

by Plutchik (Figure 2.2) which uses eight primary emotions to categorize emotion families.
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Figure 2.2: Graphical illustration of the cone model with distinct categories by Plutchik
[82]. The vertical dimension represents intensity, and the circle represents similarity among
emotion families that are categorized through eight primary emotions: Rage, vigilance,

ecstasy, admiration, terror, amazement, grief, and loathing.

2.1.2.3 The Constructivist Perspective

The constructivist perspective views emotions as socioculturally determined patterns [83].
A primary factor according to this view is the sociocultural context of situations that
elicit emotion through a social interaction. This perspective explains underlying emotional

structures resulting from culture-dependent lexical expressions (e.g. [84], [85]).

Contemporary constructivist models of emotion argue that although the “raw materi-
als” of affect are innate, the emergence of a specific emotion is dependent on individual,

situational, and culturally specific categorizations [38]. Neurobiological evidence suggests
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that specific brain regions do often not correspond to distinct emotional states but rather
that multiple more general brain networks are active when experiencing emotions [86], i.e.
that emotional experiences are "constructed" through general brain network patterns given

a certain context.

2.1.2.4 The Cognitive Perspective

The cognitive perspective puts emphasis on the assumption that emotions are elicited
through cognitive evaluations of situations [55]. This idea has been prevalent since ancient
philosophers such as Aristotle proposed that differences in emotions stem from differences
in beliefs, e.g. one emotion might be labelled anger if it followed a belief of being wrongly
accused or shame if it followed a belief of being responsible for something regrettable [87]. In
the 1960s researchers like Arnold [70] and Lazarus [88] popularized the concept of subjective
and cognitive appraisal of a triggering situation leading to an emotional reaction in modern
psychology. According to Lazarus, the appraisal process includes certain appraisal criteria,
such as the significance of an event and the believed ability to cope with such an event
that relates to specific emotional patterns.

More contemporary research views appraisal as a more "theme"-based approach, mean-
ing that themes in appraisal generate a number of fundamental emotions [89]. Modern
appraisal theorists see appraisal as a central emotion component that functions often au-
tomatically (i.e. not controlled, rapid, and unconscious), but can also function nonauto-
matically (i.e. controlled, slow, and conscious) [36]. The process involves the context of
a triggering event, as well as individual concerns, history, thoughts, and experiences. The
expression of an emotion is determined by how a given situation is appraised which leads

to both interindividual and intraindividual differences [90].

2.1.3 Common Contentious Aspects of Emotions

Because different theoretical perspectives argue about emotion mechanisms regarding func-
tion, underlying structure, and differentiation, many aspects of emotions are currently not
fully understood and our view of these aspects is subject to change with further research.
There are a few main points of discussion in modern emotion literature which exemplify
the disagreement on fundamental assumptions. It is important to discuss these specific
instances to illustrate how examples of applied emotion research could radically differ on

a theoretical level, even though the general aim of such applications (e.g. the integration
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Perspective Major Focus Elicitation Differentation
Mechanism Mechanism
Dimensional Underlying Rarely directly Degree of similarity on
dimensional addressed; based on dimensions such as
structure triggering situation valence and arousal
Discrete Fixed and Functional reactions Discrete
discrete emotion based on specific neuroanatomical
categories and situations circuits or motor
expressions programs
Constructivist ~ Emotions as Cultural interpretation  Socially shares,
sociocultural of situations prototypical
constructions representations
Cognitive Appraisal as a Appraisal based on Reaction pattern based
central cultural and individual  on appraisal criteria
determinating differences
component of
emotion
expression

Table 2.3: Summary of major foci of emotion theory perspectives, with explanation for
emotion elicitation, and differentiating factors. Adapted from Scherer [28], [55]

of emotions in computer programs) might be shared.

2.1.3.1 Underlying Structure

Most notably, regarding the underlying structure of emotions as dimensional or discrete
has many implications on how emotions can be differentiated. Most dimensional models
agree on the dimensions of valence and arousal (some also include dominance or action
tendencies) as primary scales that make emotional states comparable and map them onto
a continuum [64]. Discrete emotions on the other hand are seen as distinct categories (such
as anger, sadness, etc.) that do not map onto shared dimensions and dimensional descrip-
tions might only be within certain category-specific components (such as the intensity of
subjective fear feeling) [91].

The main implication of this uncertainty is the potential problems in describing and
measuring emotions. For example, measures of peripheral physiology focusing on the auto-
nomic nervous system (ANS) have been found to inconsistently reflect distinct emotional
states in a meta-analysis by Cacioppo et al. [67]. Rather, such measures (for example
heart rate monitors) can be used to infer dimensional emotional information, most notably
arousal, but also to some degree valence [67]. Behavioural measurements, however, such

as facial or body behaviour may convey valence information [32] but has also a significant
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specificity for discrete emotional states (see e.g. [92]). Additionally, while emotion terms
(and therefore subjective ratings) can be quite intuitively mapped onto one or more dimen-
sions (for example in the circumplex model [63], see Figure 2.1), several findings support
the notion of emotion-specific properties, such as the unique involvement of the insula in
disgust processing [93]. Quite often, the underlying structure of emotion is assumed based
on the possibilities dictated by measurement instruments, making both dimensional and
discrete views prevalent and arguably equally important [91]. It is however crucial to ac-
knowledge that neither one nor the other approach can currently be considered as the true
underlying structure of emotion and a joined theoretical approach of both perspectives
would need clear and universally agreed upon criteria that do not yet exist [94].

As it currently stands, the choice of an instrument often dictates assumptions about the
underlying structure of emotions, while it is in truth still unknown. To further strengthen
our understanding of emotions, this theoretical deficiency needs a clear acknowledgement,
especially when emotion theories and their corresponding assumptions are being applied

within other fields.

2.1.3.2 Basic vs. Constructed Emotions

Another point of disagreement is whether emotions represent universal, innate categories
or social constructions. Although modern theories agree that both biological and socio-
cultural factors play a role in the development and expression of emotions, there are still
fundamentally different views regarding the importance and roles of those factors.

Following the logic made famous by Ekman [73], researchers arguing for the existence
of basic (or universal) emotions, build their theories on findings supporting across-culture
emotion expressions, especially in the face [33], [95], and neurophysiological data examining
affective processes related to "old", evolution-shaped systems in the mammalian brain
[96], [97]. In this view, emotions are considered hardwired and universal, especially on an
unconscious (or "deep") level, while cultural influences begin to play a role on a conscious,
second-order level [34], [97].

As illustrated in Chapter 2.1.2.3, the constructivist perspective argues for emotions as
sociocultural constructions that do not emerge from innate emotion-specific brain patterns,
but that the brain provides mechanisms for affective learning, leading to the construction
of emotions within cultural and social contexts [38], [86].

Again, arguments can be made (and are still being made) for both perspectives, al-
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though they interpret the nature of emotion completely differently. Basic emotion theories
often explain the functions of emotions through an evolutionary lens: Anger and fear lead
to approach and avoidance respectively and fulfil therefore different roles in behaviour
motivation, dictated by the biological development of humans [81]. Constructivist views
on the other hand see learning and sense-making as the main function of emotion, which
enables action tendencies, communication, and social influence within experienced inter-
actions [37].

This means that the nature of emotion changes depending on the theoretical perspec-
tive. Many questions still need answers before a model can explain all findings related to
the emergence and function of emotions and because of that, applications of these models

run the risk of inaccurate assumptions.

2.1.3.3 Summary

Because fundamental aspects of emotions are still the subject of debate, it is difficult to
make assumptions that are both immediately useful and resilient to changes in our under-
standing of emotions when applying these concepts to real-life applications. While a given
approach might seem expedient for a given design (e.g. dimensional models for biofeed-
back games), there is a risk of blindly assuming theoretical implications or disregarding
important implications of a given theory when modelling emotional reactions. Awareness
and acknowledgement of a model’s underlying assumptions are necessary for all applica-
tions of emotion research in other fields, both to anticipate higher-risk decisions and to

accommodate future developments in the field.

2.1.4 Theory Overlap

While many open questions in emotion research remain, years of work focusing on elicita-
tion, structure, and functions of emotions have led to various theoretical assumptions that
are more or less shared across emotion models. To enable practical applications in a field
with so many theoretical uncertainties, it is important to place special attention on the
key overlap between the discussed perspectives. In the best case, these overlaps should be
useful in making practical implementations, without relying on contentious assumptions
(for a comprehensive analysis regarding theory convergence for psychological research, see
28).
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2.1.4.1 Emotions consist of multiple components

Most theorists acknowledge that emotions have multiple components and that these com-
ponents influence each other in various ways as depicted in (Fig 2.3). Commonly, emotion
components include physiological, behavioural, and subjective (feeling) aspects. Some re-

searchers also include components of motor expressions [98|, or emotion regulation [99].

While there is debate about the number and nature of emotion components, it is
generally assumed that emotions reflect patterns in componential expressions. For ex-
ample, both basic emotion theorists and constructivists would argue that physiological,
behavioural, and subjective aspects of emotions interact in many ways, although the exact

pathway may be unknown or debated.

Many modern theories regard these patterns as key emotion characteristics [35], [100],
and some even argue that emotion measurement techniques should capture multiple com-
ponents for a single emotion to reflect all relevant and distinct aspects [101]. More broadly
speaking, there is currently no measure for emotion, or "gold standard" as Mauss et al.
describe it [32]. Rather, different measures can map out different componential expressions

that can be used to infer specific aspects of emotional states.

Appraisals |«
Behaviour Physiological
response
Subjective
teeling

Figure 2.3: Simplified illustration of interactions between multiple emotion components.
Most models of emotion components argue for simultaneous interactions between compo-
nents and as a consequence their influence on each other in multiple directions (see e.g.

[98]), as illustrated with the double-sided arrows.
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2.1.4.2 Appraisal plays an important role

Emotions result from triggering events, which might be internal (like thoughts or memories)
or external (like situations). The notion of emotion appraisal is based on the assumption
that emotions are caused by subjective evaluations of such events with regard to their
personal significance and the organism’s ability to cope |[70], [88]. Generally, it is assumed
that an event is appraised on multiple variables, including goal relevance, goal congruence,
certainty, coping potential, or agency [36]. It is important to note that there are a number
of appraisal theories currently under discussion, all involving details that might not be
shared. While the fact that appraisal plays an important role in emotion elicitation is
currently recognized within all major theoretical perspectives, cognitive theorists claim
that the appraisal component is the primary elicitation component that acts on all other
components.

While this is not a generally shared assumption, the importance of appraisal is mostly
undisputed. The consensus seems to be that multiple pathways of top-down and bottom-
up processes interact in the development of emotions [102], which means that appraisal
leads to emotional expressions, but is at the same time influenced by other components.
Even within cognitive approaches, emotion elicitation is additionally still considered to be
highly automatic [90], even though reflective and controlled processes play an important
role [103]. This means appraisal includes different processing levels, e.g. automatic sensory-
motor processing, automatic perceptual and associative processing, and non-automatic and

rule-based conceptual processing [104].

2.1.4.3 Emotions are context-specific

Another shared view is the high emphasis on the role of context in the development of emo-
tions [105]. Following evidence for constructed emotion aspects, most modern researchers
emphasize that the context of the emotional material plays an important role in the ap-
praisal and expression of emotions [106]. For example, people sharing a close relationship
show similar emotional reactions compared to strangers [107] and culture has been shown
to have a big influence on the evaluation of emotional materials and emotions themselves
[108]. Furthermore, applied emotion research found that the environmental context of a
situation is an important factor in eliciting emotional reactions [109], [110]. For example,
how empathy can be elicited with HCI design techniques depends on the material used (e.g.

narrative, dialogue, or role-play) and the conceptualization of a user (e.g. as a participant
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or observer) [109]. In other words, emotion elicitation and expression are partly dependent

on the current state of the environment.

2.1.4.4 Emotions differ between individuals

Besides the influence of situational context, there are individual differences in the appraisal
of triggering events and expression of emotions. The same situation can be appraised
differently by different people, leading to different emotions [36]. Differences in personality
(such as high versus low-risk takers), affective states (such as moods or attitudes), and even
biological factors (such as sex) influence emotion processing on a neural and psychological
level [111]. Emotions, or emotional expression patterns are highly subjective, regardless
of how much the importance of affective learning is emphasized within a given emotion
theory. And the notion of a cognitive component (appraisal) provides explanatory power
to account for such differences. In other words, emotion elicitation and expression are

partly dependent on individual traits.

2.1.4.5 Emotions evolve over time

Emotions are dynamic processes. For example, a threatening situation can evolve from
anxious anticipation, to fear of a direct threat, to recovery from that stressor [112]. Some
emotional experiences linger while others are fleeting, and the transition between emotions
is not always discrete, allowing for the mixing of different emotional states [113]. Important
individual differences further affect the degree to which one can “move on” from a given
emotional state to another [114], [115]. Still, there is no consensus on the real limits of
when an emotion can be considered an emotion and not another affective state. With all
this in mind, emotion elicitation and expression are partly dependent on the progression

of emotional experiences within a certain time window.

2.1.5 Conclusion

In summary, emotion is a complex term with many uncertainties in its theoretical con-
ceptualization, but also with many well-developed characteristics that are shared between
even the most different philosophies. As expected from such a complex psychological phe-
nomenon, it is not easy to define or grasp what an emotion is. As Griffiths [116] puts
it:
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The proper response to current knowledge is that there is no object of scientific

knowledge which corresponds to "emotion".

There is no doubt that emotions do exist and that they can be described in their
structure, function, differentiating mechanisms, or in their expressions. But we are not at
a point where such a description could be seen as a scientific standard. Emotion currently
means many things both in our everyday lives and in the scientific discourse. Misuse or

misconceptions within this area seem almost impossible to avoid.

Still, progress is being made and will be made in the years to follow in an effort to
further our understanding of the human mind. Processes that prevent both misconceptions
and paralysis in light of these theoretical barriers become especially important in applied

emotion research.

In the case of player-game interactions, building a theoretical basis on shared assump-
tions in emotion perspectives provides the possibility to model emotions without limiting
the approach to one highly specific theory. Such a model would provide meaningful the-
oretical groundwork while staying robust to changes in our understanding of emotions.
Framing the game-player relationship in such a way would allow developers to focus not
only on established theoretical assumptions, but also on specific perspectives with all their
implications. FEither way, such an approach could reduce confusion that arises through

inconsistent or poorly justified applications of theoretical assumptions.

2.2 Design and Emotions

Emotion research is not only relevant for explaining psychological phenomena but also for
designing and building products that build an emotional relationship. This includes both
the research about how individuals feel or experience certain products and the research
about how products evoke certain emotions within individuals. In order to provide more
insights into the design of emotions in games, both of these questions have interesting
implications. It is therefore necessary to discuss the progress in emotion design (both
in general design and in game design) more deeply to gain insights into the affective

relationship between a product and its users.
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2.2.1 Design Research

For a long time, design research has been concerned with the emotional relationship be-
tween a product and a user and has introduced many frameworks to model this relationship.
Beginning in the 1990s, the emotional impact of designs gained importance, contrasting
a purely functional view on good design. There was high interest, both in the industry
(such as the technology industry) and in customers, to make products more engaging, more
authentic, and easier to use by building designs based on key consumer emotions [117]|. In
the following years, Desmet [118] proposed a product emotions model that contained 14
distinct affective reactions and used this to examine how products could elicit emotions.
They argued that there is no convincing relationship between a product and an emotion,
but rather a relationship between a product and the emotional reaction of a specific person
in a specific context. This means that while the process of eliciting emotions is universal,
the actual affective response depends on the appraised significance, which can be complex,
personal, and dependent on contextual factors like time or environment. The idea that
products can be designed from the perspective of being an experience for users established

itself as a key school of thought in areas like HCI [119].

Following such a view that puts high emphasis on contextual aspects of products, many
frameworks of user-product relationships on an emotional level emerged. One framework
in this area was proposed by Norman [24] who conceptualized three levels of design: the
visceral level, behaviour level, and reflective level. He argued that designs would affect
responses based on these different levels of information processing; i.e. intuitive responses
and first impressions on the visceral level, consumption actions on the behaviour level, and
reflection of experiences on the reflective level. For Norman, the psychological mechanisms
in evaluating a product played a central role in making informed design decisions.

Similarly, the framework of product experience (Fig 2.4) describes three levels of expe-
rience: aesthetic experience (i.e. the sensual pleasure resulting in a product interaction),
attribution of meaning (i.e. the cognitive evaluation of a product which depends in indi-
vidual and cultural differences), and the emotional experience (i.e. the elicited emotions
based on appraisal, following the first two levels). This framework aimed to provide useful
patterns for designers for each of these levels to find more control in product design for
emotion elicitation [120]. While also acknowledging underlying psychological mechanisms
within the three levels, this framework emphasized the interaction between a product and

user, rather than the levels of processing within a user.
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The process of designing to elicit an emotional response became known as Emotional
Design and was communicated via channels like style, function, form, and usability based
on users’ needs and demands [121]. A key aspect of this process is user-centred design,
meaning a clear understanding of the target user requirements and the context of use
for a product [122], mirroring the importance of individual, sociocultural, and situational
differences in emotion elicitation. Methods like interviews, questionnaires, focus groups,
observations, and simulations were recommended for both understanding users at the be-

ginning of a design cycle and evaluating the design at the final stages [122].

These principles were applied by different studies to showcase how a design could ben-
efit from focusing on emotional value. For example, Desmet et al. [22] showed that a
"wow-effect" could be elicited in the design of a cell phone in three steps: First, a us-
able emotional conceptualization of the wow effect, then the combination of qualitative
and quantitative research to provide rich knowledge of products that elicit similar expe-
riences, and third, the focus on the product’s character instead of the features to form a
deeper relationship. This process showcased an application of how design work could be
achieved with a focus on product experiences. Similarly, there are various examples where
emotional design was applied to be appealing first, functional second, and finally create

a relationship with the user for higher emotional impact [123], [124], often mirroring the

emotional
experience
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of meaning

aesthetic
experience

\ user-product interaction /

Figure 2.4: Illustration of the framework of product experience by Desmet and Hekkert

[120].
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three design levels of Norman [24]. Many studies provided evidence for the utility of such
approaches, especially regarding the importance of aesthetic appeal and reflective meaning.
For example, Sonderegger and Sauer [125] found that aesthetic appeal had an influence on
usability ratings in a phone application; and Olsson and Salo [126] provided an extensive
qualitative analysis of meaning-related concepts in Augmented Reality (AR) and mobile
applications.

To summarize, product experience design puts an emphasis on the relationship between
a product and a user and tries to evoke emotions through the design of the product’s char-
acteristics that in turn influence psychological mechanisms on different levels of information
processing, reaching from highly automatic, fast, and unconscious to controlled and reflec-
tive. An important part of this theoretical model is that this relationship is dependent
on the user, their expectations, preferences, personality, and even their current affective
state [117], [122], which further implies the relevance of circumstance when analyzing this

relationship.

2.2.2 Game Design

Naturally, the interest in emotions when designing products has been represented in the
game industry since the very beginning, as games were considered entertainment prod-
ucts with the main purpose being the creation of positive experiences [127]. Salen and
Zimmerman’s influential book Rules of Play: Game Design Fundamentals [128| discusses
various game design concepts (such as rules, play, and culture) that are used to address
second-order design problems, i.e. the indirect design of player experiences by directly de-
signing game rules and environments. More precisely, game experience is seen as a direct
consequence of player interactions with game materials and through these interactions,
experiences are always evoked [128].

Adding to the notion that PX is the focal point of game design, Schell’s The Art of Game
Design [21] describes strategies that are based on their impact on players, arguing that the
whole process of game design should be built around the elicitation of target experiences.
This notion has been established in the game industry and provided a working framework
for big studios to develop games in a large team by deliberately making decisions for the
design of experiences [129]. As a consequence, many tools have been developed to describe
techniques for emotional PX design, for example, Freeman’s Emotioneering [130] that

provides methods to design specific game elements, like Non-Player Characters (NPCs),
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dialogues, worlds, or plots.

In line with the concepts of PX design, Isbister [131] described game elements that can
be specifically used to evoke certain emotions. She argues that games have two unique
qualities that are not found in other media and should be the focus point of emotional
design in games: The first quality is choice that brings the player close to the action of a
game and holds emotional potential that can be supported by the use of avatars, NPCs,
customization, social play, physical movements, and communities. Choice is often used in
relation to player agency or processes that make an impact in the game world that can result
in meaningful emotional reactions [132]. The second quality is flow, originally described by
Csikszentmihalyi [133], describing a state of concentration, and deep, immersive enjoyment.
Chen [134] argued that each game can evoke an optimal flow state by balancing challenge

and player abilities, which would maximise engagement and enjoyment for each game.

These models often very closely focus on positive game experience, "enjoyment" and
"fun", but have been criticized for the often inexact or inconsistent relationships between
each other and with psychological constructs relating to enjoyment and fun [135]. The
player experience of need satisfaction (PENS) [17], [136] model chooses a different ap-
proach by utilizing a more motivation-oriented explanation grounded in self-determination
theory (SDT) [137]. It explains game enjoyment through intrinsic motivation that sat-
isfies basic psychological needs: Autonomy (the experience of acting through own choice
in congruence with own goals); competence (the experience of achieving desired change);
and relatedness (the experience of connection with others). While SDT has a lot to offer
in terms of explaining player motivation and enjoyment, it cannot account for the full

emotional relationship that makes up player experiences.

Consequentially, recent efforts have been made to integrate existing knowledge about
the design of emotional reactions from product experience research and make them usable
in a game design context. For example, some studies provide adaptations of Norman’s
[24] three design levels specifically for game design [138], [139], arguing that games should
make specific emotion elicitation decisions on a visceral, behavioural, and reflective level.
The Mechanics, Dynamics, and Aesthetics (MDA) framework [140] is a popular game
design framework that focuses on aesthetic game content as a central design component
to elicit emotions and proposes an iterative approach to design for the aesthetic aspects
of games. It also provides taxonomies of game elements that are potentially related to

emotional reactions (such as narrative and challenge) and models how they relate to game
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systems. Similarly, the Mechanics, Dynamics, Emotions framework (MDE; see Figure
2.5) [49] builds on the MDA to propose a model of gamification design. The emotion
component here describes a player’s state of mind and is used to explain the importance of
emotions for a game experience in relationship to game dynamics and mechanics. While
these frameworks integrate the concept of emotions as a crucial design component within
a game, they are not concerned with the psychological nature of emotions or the affective
interaction between player and game, meaning that they put emphasis on the value of
emotion in game design, but do not integrate underlying psychological mechanisms in

their frameworks.

Mechanics
Setup. rule_s and
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"~

Figure 2.5: Illustration of the MDE framework by Robson et al. [49]

Beyond theoretical models of game experiences, there are many practical frameworks
providing methodological tools to help shape game experience design. Deterding [135]
reviewed both academic and industry methods for gameful design and presented explicit
ways to design for target experiences, such as design lenses and skill atoms. Pichlmair and
Johansen [141] conducted an analysis of game design practices that relate to the "feel" of
a game, which draws from research concerning the elicitation of specific affective reactions.
They identified three main strategies to shape game feel that are currently used: Tuning
the physicality of a game; juicing as the act of amplifying game moments; and streamlining
support mechanisms to enable players to realise their intentions.

While there are many frameworks modelling the close relationship between emotion and
game design, there are still many open questions, specifically about the integration of and

application of psychological conceptualizations of emotion components (especially beyond
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motivation and enjoyment). Questions include for example how game-related emotions
occur, how they can be measured, and how this information can be used to assess players’
emotional reactions to a game, as well as how such information can be used to make
more targeted affective design decisions or inform emotion theories. Some answers to these
questions have been attempted in the discipline of computer science, specifically in affective

computing.

2.3 Affective Computing

As a discipline, affective computing has been a prominent topic within HCI research and
explored the measurement of and reaction to user emotions by a computer system [42].
Affective computing is therefore concerned with the interactional relationship between tech-
nology and users that has the potential to provide optimal emotional experiences by taking
the current affective state of the user into account. In an early work on the topic, Rosalind
Picard discussed affective computing and its potential to address conceptual uncertainties
present in emotion research by focusing on pattern recognition (either physiological or be-
havioural) and describing emotions in a reasonable manner, without making assumptions
about underlying structures [42]. In the following years, much progress has been made

that brought the discipline of affective computing into gaming.

2.3.1 Affective Gaming

In an effort to bring affective computing research to games, Hudlicka [41]| described princi-
ples and current issues of the three main components of affective games: Emotion sensing
and recognition, computational models of emotion, and emotion expression or adaptation.
Building on this, she outlined requirements for an ideal emotion engine that could accu-
rately measure and interpret emotional data from the player and feed it into a model, as
well as create realistic emotional behaviours for NPCs [142]. Affective design in general is
therefore mainly concerned with addressing these requirements and developing solutions

within three affective tasks:

1. Emotion Sensing: Lux et al. [143] identified 76 studies that use biofeedback devices
as an affective measurement, ranging from measures of cardiovascular activity to elec-
trodermal activity, body movement, or respiration. For games specifically, common

measurements include physical measures like body movement; physiological measures
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like skin conductance, heart rate, muscle movement, or brain waves; and observation
measures like facial or vocal expression [144]. Currently, there is no universally ac-
curate instrument to measure emotions and recognition methods depend on emotion
model assumptions, individual differences, and context. Furthermore, measurements

are often seen as invasive, expensive, and unpractical [145].

. Computational Emotion Modelling: Models of emotions are most commonly re-
searched in artificial intelligence game studies with the main aim being the develop-
ment of realistic affective game agents. In a recent review, Hamdy and King [146]
collected requirements to develop emotional agents and provided an overview of com-
putational emotion models. They pointed out that models often have to simplify the
complex nature of emotions and are also quite costly and difficult to develop. Sim-
ilarly, Hudlicka [39] found that models often do not address detailed implications of
psychological theories. They concluded that in order to fit with modern, complex
theories of emotion, believable and realistic agents need to address theoretical uncer-
tainties first, meaning that more systematic and integrative research is necessary. In
a systematic review by Wang et al. [147], current practices in emotion modelling for
affective computing and their implications were described, uncovering methodological

difficulties present in the field.

. Adaptation: Finally, research considering emotion adaptation focuses either on affect-
based changes in agents or the game world [47|. Agents are again used to express
emotions based on the underlying model and showcase mostly "believable" emotional
behaviour, while the game world is specifically designed to reinforce a target emotion.
For example, adaptive difficulty has been used to limit frustration [148], and adaptive

camera movement has been used to augment a game’s narrative [149].

In order to facilitate research addressing these tasks, Yannakakis and Paiva [47| pro-

vided descriptions of three game system modules: an emotion detection module (a module

to measure and model player emotions), an adaptation module (a module to adapt the

game world to these player emotions), and an elicitation module (a module to elicit target

player emotions). These modules are embedded into a shared high-level concept of the

emotional interaction between player and game, known as the affective feedback loop [27],

[44], [47]. The closed nature of the loop is emphasized, as the ongoing adaptation of the

game system to the changes in players’ emotions is argued to be a unique characteristic of
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games compared to other mediums [150] and is also generally believed to facilitate emo-
tional benefits, such as health benefits, more accessible games, new gameplay opportunities,

and higher enjoyment.

Figure 2.6 shows the technical implementation of an affective feedback loop as presented
by Bontchev [44] in an example of a biofeedback game: Physiological data is measured via
a sensor, detected and then interpreted via negative feedback control. The measured data
is compared to optimal data and the difference is seen as an error. The game then adapts
to reduce this error by changing the game stimuli (in this example the game’s difficulty)
and so dynamically adapts the game based on the player’s emotions. In turn, the new
game stimuli evoke an emotional reaction that is continuously measured in a closed loop.

Using such an approach, a number of affective games have been developed and re-
searched, often providing evidence for the benefits of emotion-adaptive games [40]. These
benefits fall into four main categories: (a) both mental and physical health benefits as a re-
sult of new adaptive training opportunities [151]-[155]; (b) more accessible games with sim-
ilar experiences for every player [148]; (c) new gameplay opportunities, like body-response
control games or affective user interfaces [156], [157]; and finally (d) more emotionally
impactful and immersive games [142], [158].

However, because of the current technical limitations, theoretical uncertainties, and
poor representation in commercial games, there are problems to solve in the field of affective

games before these benefits can be considered applicable for wider use. Not only are
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Figure 2.6: Illustration of the technical implementation of an affective feedback loop
adapted from Bontchev [44]. Physiological data is measured at time ¢ (indicated as r(t)
at an optimal set-point level (r0); s(t) is the adapted game stimuli (e.g. difficulty level) in

time ¢; €(t) is the error, i.e. the difference between 70 and r(t).
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conceptual uncertainties present regarding emotion research, but the nature of affective
games and how they can be developed is still a field that needs further attention. For
example, affective games were originally seen only as biofeedback games [159] and are
often still associated with that history, although later definitions focus more generally on
adaptivity to unconscious or conscious emotional data [41], [148]. Such definitions could
arguably include games that are adaptive in certain areas, such as open-world games like
Red Dead Redemption II [160] or Cyberpunk 77 [161] that change their narrative and game
world depending on in-game behaviour or, to a limited extend all games with multiple
difficulty settings. Nevertheless, affective games are mostly presented in the literature as
a certain type of game that measures and reacts to primary emotional data [44]. This
conceptualization limits game design decisions that might tap the aforementioned benefits
of affective games. Adaptivity to primary emotional data is limited by various theoretical
and technological barriers that might discourage design interventions when it comes to
the broader idea of affective games. There is therefore a potential to further examine the
interactional relationship between game and player that is represented in affective games

in a more universally applicable way.

2.3.2 Affective Games and Emotion Models

In a review from 2016, Brontchev [44] analyzed 14 video games that integrated affect-based
adaptation techniques. They found that affective-adaptive games generally were effective
in achieving goal-oriented changes (e.g. more enjoyment while playing). However, because
of often incomplete internal models of affective player behaviour, they conclude that there
is much more work to do to achieve a complete and realistic system for affect adaptation
in video games. In a systematic review from 2020 Robinson et al. [40] analyzed 162
biofeedback game studies and found effects not only for player engagement but also for
treatment in health-related affective games. However, they also note that many affective
game studies show insufficient critical reflection, both in terms of how technological limits
are reported and how rigorous evaluation is executed.

In addition to these problems, there is a limited body of work inspecting the relation-
ships between affective games and psychological emotion research. This topic has however
a big influence on how affective games can be classified within a scientific context. Depend-
ing on the methodology, affective games often make assumptions about emotion models

that can potentially be very specific and include debated aspects.
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For example, to make use of biofeedback data, emotions are most commonly considered
in a dimensional perspective and measured in their expression of valence or arousal in
games using physiological data [162]|. In a review of psychophysiological methods in game
research, Kivikangas et al. [163] specified the dimensional model as a standard for affective
biofeedback games. Similarly, Robinson et al. [40] scoped their systematic review of
affective games to the use of a dimensional emotion model as physiological measures are
most commonly restricted to valence and arousal dimensions. In fact, they defined "affect"
as the connection between purely physiological states (such as physiological arousal) and
mental states (such as relaxation). In other words, affect is considered as the mapping
between physiological and mental states based on Russel’s circumplex model [61], so by
definition existing only in a dimensional space that can be mapped to emotion labels, which

is heavily criticized by many emotion researchers [32].

The predominance of dimensional emotion models in game research can be seen as a
consequence of the often physiologically based methodology and the aim to make affective
data easy to interpret. While most studies in this area report enhanced player experiences
by utilizing a dimensional affective game system [40], they do not represent the full range
of emotional phenomena and many modern researchers highlight the risk of making strict
inferences from arousal or valence values to emotional states [91], [164]. Potentially even
more problematic are models that map dimensional values onto distinct emotional states
(e.g. interpreting low valence and high arousal as the distinct state of fear) as such an
approach is contested by many psychological theorists (see Chapter 2.1.2 for more infor-

mation).

But there are also game studies applying different emotion-theoretical perspectives.
Affective games using cameras to capture facial expressions for gameplay control often
base their classification on basic emotion models (e.g. [157], [165]), often building upon
the theoretical work of Ekman [33] associating facial expressions with universal emotions.
The emotional outputs are used both as distinct states (e.g. [157]), or mapped onto
dimensional models to make inferences easier to interpret and combine face recognition

techniques with other physiological measures [166], [167].

Following a more constructivist approach, interactional affective computing models,
like the one from Boehner et al. [168], propose methods to interpret emotions based on the
situational context within human-computer interaction and not based on their physiological

expression. This view was adopted by many User Experience (UX) focused studies [169],
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[170] and studies on emotional agents within video games [171], [172] that model, interpret,
and evaluate emotions from a purely interactional perspective.

Finally, game research that is focused on modelling emotional NPC behaviour, such as
GAMYGDALA [173] or the works of Hudlicka et al. [39] implement cognitive models of
emotions by introducing appraisal-based mechanisms into the design of game agents. While
this is an area that sees more and more contributions, there is again often a mapping from
appraisal patterns to distinct emotions (e.g. [173]). While deterministic mapping from
appraisal to emotions could be an efficient way to model agents, it does not reflect the

complex pathways of top-down and bottom-up processes in human emotions [102].

2.4 Conclusion

This chapter illustrated and discussed key literature in the disciplines of psychological
emotion research, design, and affective computing to provide a theoretical background for
how the relationship between emotions and games is currently being modelled and applied.
There are many research directions working towards our understanding of emotional states,
our ability to design emotional experiences, and possible methodological solutions to model
emotions and adapt systems to them. These directions promise to facilitate great bene-
fits for both research and design with further contributions to our understanding of the
emotional relationship between players and games.

Still, there are many problems in each discipline, ranging from theoretical uncertainties
to technical limitations. It is not yet clear what emotions are and how they can be measured
and modelled within computer systems to yield the best results. Because research on
theoretical models and on applied solutions are being developed continuously, it is also often
not clear in what ways these two directions overlap or contradict each other. Emotions
and games are complex constructs - and only an awareness of these complexities can lead
to a better understanding of their interactions.

To maximize the potential contribution in the field of affective video games, there is
therefore a need for clear standards, both in theoretical grounding, as well as in method-
ological rigour. Building on such efforts, it might be possible to provide improved technical
solutions backed with strong empirical data and therefore ultimately better systems uti-
lizing all aspects of the emotional video game-player interaction. In order to achieve this,
we need to truly understand affective games: How do they measure and model emotions?

What benefits can we expect? And how are they affected by the current state of theoretical
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and practical barriers in all their connected fields? A systematic approach to answer these
questions could lead to directed solutions and ultimately to better applications of affective

human-computer interactions.

36



Chapter 3

The Theory-Practice Gap

"What does his lucid explanation amount to but
this, that in theory there is mo difference between

theory and practice, while in practice there is?"
— Benjamin Brewster [174]

As Chapter 2 demonstrates, there is a great deal of research on emotion, on the affective
relationship between players and games, and on methods for adaption that make adaptive
video games possible. Proposed benefits include the potential to enhance player enjoyment,
learning or mental health benefits, and new ways to experience games. Still, there are
many potential issues that need investigating, especially in terms of theoretical models and
methodological approaches. It is not yet clear how well emotion-adaptivity facilitates the
proposed benefits compared to other types of games and what methodological approaches
could be used to create adaptive games. Therefore, a systematic review is presented here
that investigates the current state of affect-adaptive games research in order to uncover

the biggest barriers in the field.

3.1 Aims and Research Questions

Prior reviews have found promising effects for emotion-adaptive games [44], [45] and re-
ported an extensive overview of findings and methods specifically for physiology-based
games [40]. A similar understanding of the reported effects of emotion-adaptive games
would be very valuable in assessing the benefits and risks involved in the design and de-
velopment process. It is currently not clear how emotion-adaptive games perform against

control conditions, what outcomes (such as health benefits or player enjoyment) are being
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investigated, and how large reported effect sizes are. Furthermore, it is not clear in which
ways affective games are grounded in psychological theories, given the theoretical disagree-
ment in the field. If the true nature of emotions is still not fully explored, how are emotions
structurally represented in games and how are they being manipulated? The current prac-
tice in developing and researching affective games needs to be tested given the potential
theoretical and practical issues, outlined in Chapter 2. How affect-adaptive games address
these issues and base their mechanisms on emotional theories is a valuable question in
assessing their impact on psychophysiological benefits. Additionally, the quality of pro-
vided evidence for the effect of emotion-adaptive games in terms of their methodological
approaches is not yet clear and may further provide important data to evaluate the true
potential of affective games.

To my knowledge, this is the first systematic review that analyses affect-adaptive video
game studies in terms of (a) the effect of adaptation; (b) the theoretical assumptions
regarding emotions; and (c) the quality of the evidence regarding evaluation of such studies.
This study tries to address these gaps by systematically analyzing the available research

body of affect-adaptive video games to answer the following questions:

1. RQ1: What evidence is there for the effectiveness of game adaptation to
player emotions?
(a) How many studies evaluate the effect of affect-adaptation within a video game?
(b) What dependent variable is used to indicate adaptation success?
(¢c) What empirical evidence is reported as part of the evaluation?
2. RQ2: What emotion theoretical assumptions are being applied to build
affective adaptation?
(a) How are target emotions defined? What theories are used?
(b) What measures are used to indicate affective states and how are they tested?

(c) What material is used to elicit emotions and how are they tested?
3. RQ3: How are affect-adaptive games being evaluated?

(a) What sample characteristics are provided?
(b) What control condition is used for the evaluation?

(c) What are the characteristics of the methodology?
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3.2 Methods

This review follows the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA [175]). All studies that empirically evaluated an affect-
adaptive video game by comparing the affect-adaptive game to a control condition were
considered for inclusion. A protocol for the study was preregistered on the Open Science
Framework (OSF [176]) before data screening commenced, but after the initial database

searches, which were conducted first to assess the scope and feasibility of the study.

3.2.1 Data Collection

Electronic databases were searched on April 8th 2022. Databases that are relevant to in-
formation technology, health, and social sciences were chosen, which include: ACM Digital
Library (n = 561), IEEE Explore (n = 824), Science Direct (n = 53), and Scopus (n =
2490). Additional studies (n = 2) were identified through reference lists of relevant studies
[40], |44], as well as through searches on Google Scholar. The database searches returned

a total of 3,930 papers.

3.2.2 Search Terms

Search terms were chosen based on three necessary study characteristics, namely (a) it
had to include a video game, (b) it had to include some kind of adaptation, and (c)
this adaptation was based on emotion. The string for the first characteristic was based
on common practice in similar studies (e.g. [40]) and included GAME* OR GAMING.
The search string for the second characteristic was based on game adaptation literature
that used synonyms for adaptation processes and included ADAPT* OR MODUL* OR
ADJUST*. Lastly, the string based on the third characteristic was based on affective com-
puting studies and terms used for emotions or emotional components, namely: AFFECT*

OR EMOTION* OR VALENCE OR AROUSAL OR EXPERIENC*.

3.2.3 Inclusion Criteria

This review aims to investigate the reported effect of affective-adaptive games and how
these effects are being empirically evaluated. Therefore, it focuses on high-quality compar-

ative studies, leading to the following inclusion criteria:

1. Peer-reviewed papers (including conference papers)
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2. Full-length papers
3. Available in English or German
4. Test an adaptive video game based on affective information

5. Evaluates the adaptation effects empirically against a control condition

3.2.4 Exclusion Criteria

Following the reasoning to provide insight into high-quality work in the field, studies were

excluded if they showed one of the following characteristics:

1. Do not include an empirical study (i.e. reviews, study protocols, 'work-in-progress’)

[\)

. Evaluate only through qualitative or descriptive means

3. Do not compare to a control condition that is not affect-adaptive

W

. Evaluate only based on case studies (defined as N < 5)

It is important to note that all non-affect-adaptive control conditions were included
in the study, including performance-adaptive or non-adaptive games that were tested in
a within-design. Additionally, it was not a necessary criterion to include randomized
condition assignment, for example in quasi-experimental designs. Evaluations therefore

did not need to consist of randomized controlled trials (RCTS) to be included.

3.2.5 Data Analysis

The initial search returned 3,930 papers, 755 of which have been identified as duplicates
and were removed. Title and abstracts were screened by the principal investigator and
papers that demonstrated a clear mismatch to any of the relevant research questions (e.g.
papers that don’t involve video games or HCI in general) were excluded, leading to the
removal of another 2,965 papers. The 210 remaining papers were assessed by reading the
full texts of the papers and coded in regards to the inclusion and exclusion criteria. Out of
these papers, 32 were excluded for not involving an empirical study, 7 were excluded for not
involving a video game, 38 were excluded for not involving an adaptation, 55 were excluded
for not basing the adaptation on affective data, 36 were excluded for not evaluating the

effects of affective-adaptation empirically, 14 were excluded for not involving a control
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condition within the evaluation, and finally 2 were excluded for only evaluating through
a case study. The final set of papers consisted of 26 studies that were further analyzed
within this review. A full representation of the process as proposed by PRISMA guidelines
[175] can be viewed in Fig 3.1.

c
= Records identified from: Dublicates removed
é Databases (n=3,928) P (n=1755)
= Other sources (n="2)
S
Y
Records screened Records excluded
(r=3,175) (n=2,965)
= Y
£ Reports sought for retrieval Reports not retrieved
3 (n=210) (n=10)
(5]
@ Reports excluded:
Y No empirical study (n=32)
Reports assessed for eligibility No video game (n="7)
n=210) No adaptation (n = 38)
No affective data (n = 55)
No evaluation (n=36)
No control (n=14)
Case study (n=2)
Y
E Studies included in review
§ {n=26)

Figure 3.1: Flow diagram of data extraction process.

3.2.6 Coding

In order to answer our three research questions individually, specific aspects of the full

sample were coded under predefined conditions for each question.

3.2.6.1 RQ1: Evidence Synthesis

Each study was coded by publication year and within each study, each adaptive game was
coded by genre (as described in the paper itself). For each game that was tested, the
specified outcome variable was coded, including the measurement instrument. The study

design was coded based on the control being a within or between condition and the number
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and nature of all tested conditions were specified. Finally, the effect was coded as positive,
mixed /neutral, or negative (experimental condition compared to the control condition),
and if possible the reported effect size was included and coded as small, medium, or high
effects, based on interpretation guidelines as reported by [177]. For studies where no
effect size was included, but sufficient data was provided, effect sizes were calculated and

interpreted as described by [177].

3.2.6.2 RQ2: Theoretical Assumptions

For each paper, the affective state of interest (i.e. source of adaptation) was coded based
on the theorized underlying structure (dimensional vs. distinct) and the reported labels
of the measured emotional states. Furthermore, the specific measures used to detect the
emotional state were recorded. Together these details were gathered in order to examine
how affect was measured across studies. Each paper’s efforts to validate individual mea-
surement instruments (e.g. through comparison with self-report scales) were also recorded.
Tests were either direct (i.e. related to subjective measures of the target emotion), indirect
(related to other indications of target emotions), or absent.

Additionally, it was coded what game material was adapted to affective information
and whether these game materials were tested in their ability to elicit a target emotion to
inform the adaptation design. Game materials that were adapted for each game were listed
and summarized where appropriate (e.g. "difficulty" for all individual gameplay changes
that were made to increase challenge). Tests were again either directly (impact of materials
was related to subjective measures of target emotion), indirectly (impact of materials was

related to other indications of target emotions), or not conducted.

3.2.6.3 RQ3: Methodological Approach

Finally, for each evaluated game, the methodological approach was coded, including sample
information (N, percentage of male participants, mean age) and the used statistical test.
An estimate of achieved statistical power was calculated post-hoc for each study based on
the study design, sample size, and an assumed medium effect size (0.5 standard deviations
[SD|). Rather than providing an estimate of "achieved" power, this was done because such
an estimate completely depends on the observed effect and can therefore be misleading, as
it is not theory-based, nor a good indicator of methodological validity [178|. Additionally,

many studies did not provide sufficient information to calculate the observed effect size,
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which would limit the ability to compare all studies. To provide more insights about
each statistical power, target effect sizes (ES) were calculated, representing the detectable
effect sizes for a study, assuming a power (a priori) of at least 0.8. The target effect size
therefore represents the necessary differences between groups in SD to achieve a power of
0.8 or higher.

Furthermore, risk of bias (RoB) was assessed using the Cochrane Collaboration’s tool
[179]. Risk of bias was assessed based on objective criteria regarding multiple domains: (a)
selection bias (i.e. whether or not participants’ allocation was concealed and randomized),
(b) performance bias (i.e. whether participants were aware of the intervention and if
this could affect outcomes), (c) attrition bias (i.e. how much missing data regarding the
outcome was reported and how that could influence analyses); (d) detection bias (i.e.
whether or not clear and appropriate measures for the outcome were reported and whether
deviations arose through data collection strategies); and (e) reporting bias (i.e. whether
or not all results from all measurements and analyses were reported). An overall RoB was

judged based on the following criteria:

1. Low risk: The study presents a low risk of bias for all domains

2. Some concerns: The study presents some concerns in at least one domain, but no

high risk for any domain

3. High risk: The study presents a high risk in at least one domain

A detailed overview of all domains and criteria was provided by [179].

3.3 Results

3.3.1 RQ1: Effectiveness of Affective Adaptation

26 studies were included in the analysis. A description of study aims, methods, and
conclusions can be found in Appendix A.1. An overview of publication years can be seen
in Fig 3.2. Over half of all studies (n = 14) were published in 2018 or later. 69% (n =
18) tested an affect-adaptive game against one or more control conditions in a repeated
measure design and 31% (n = 8) used a group comparison. 86% of studies (n = 22)
used randomized subject assignment, 8% (n = 2) did not use randomization for subject

assignment, and 8% (n = 2) did not report sampling procedures.
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In these 26 studies, 27 affect-adaptive games have been described. An overview of the

games’ genres can be seen in Table 3.1.

Count

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Publication years of included studies

Figure 3.2: Counts of included studies by year.

To evaluate adaptation effectiveness, 18 different outcome variables were used, assessed
through 15 different instruments (see Table 3.2). The outcome variables can be summa-
rized within three broad categories. The most used outcome category (n = 16) is player
experience, which includes outcome variables such as enjoyment, engagement, immersion,
aesthetics, dynamics, competence, character believability, fun, flow, and general player
experience. 46% of studies (n = 12) measured player experience through a previously
validated self-assessment instrument, such as the Game Experience Questionnaire [180]
(GEQ ; n = 3), the Intrinsic Motivation Inventory [181] (IMI; n = 3), the Flow Experience
Measure [182] (FEM; n = 1), the Player Experience of Need Satisfaction [16] (PENS; n
= 1), the Immersive Experiences Questionnaire [183] (IEQ; n = 1), the Player Experience
Inventory [184] (PXI; n = 1), User Response to Interactive Storytelling tool [185] (URTIS;
n = 1), and the Character Believability Questionnaire [186] (CBQ; n = 1). Additionally,

27% of studies (n = 7) constructed their own scales to assess player experience.

Another category includes affective variables (n = 8), such as arousal, stress, valence,
excitement, and anxiety. These were measured mostly through physiological data, includ-

ing heart rate (HR; n = 1), heart rate variability (HRV; n = 3), electrodermal activity
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Genre No of studies % of sample
Action (3D) 5 18

Arcade 3 11

Education 2 7

Horror 4 15

Interactive Story 1 4

Platformer (2D) 4 15

Shooter (3D) 4 15

Training 4 15

Table 3.1: List of genres for adapted games analyzed in this review.

(EDA; n = 3), and electroencephalography (EEG; n = 1). Some studies measured the

affective outcome through facial expression recognition (FER; n = 1) or voice analysis (n

= 1), and finally some through subjective self-assessment tools such as the Self-Assessment

Manikin (SAM; n = 1), the Mood Adjective Checklist (UMACL; n = 1), or an own scale

(n = 2).

The third category consists of performance metrics (n = 9), either in-game performances

(n = 8) or learning performance metrics (n = 1).

Table 3.2:

List of included studies, outcome variables, out-

come assessment instrument, effect direction (non-significant ef-
fects marked with n.s.), and observed effect size if sufficient infor-
mation was provided.

Authors Outcome Instrument Control Effect Effect
Size
[187] Player Experience ~ GEQ [180] Non- Positive N/A
adaptive
[152] Stress Reduction Physiology (HRV)  Non- Positive Medium
adaptive
[188] Flow, Performance  GEQ [189] Performance  Negative  Small
adaptation
[190] Valence Decrease, Facial Expression Non- Positive Medium
Arousal Increase adaptive
[191] Preference Single Item Non- Positive N/A
adaptive
[192] Effectiveness, Effi- In-game- Non- Positive N/A
ciency, Difficulty Performance adaptive
[193] Effectiveness, Effi- In-game- Non- Positive Medium
ciency, Difficulty Performance adaptive
[194] Player Experience ~ IMI [181], FEM Manual, No effect N/A
[182] Random,
Perfor-
mance,
Personality
adaptation
[195] Enjoyment, Immer- UMACL [196], IEQ Manual No effect N/A
sion [183] adaptation

Continued on next page
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Authors Outcome Instrument Control Effect Effect
Size
[197] Perceived Compe- PXI[184], IMI [198] Increasing Positive Large
tence, Aesthetics, difficulty,
Dynamics Fixed diffi-
culty
[199] User Experience URTIS [185] Non- No effect  N/A
adaptive
[200] Presence SUS [201] Non- Positive N/A
adaptive
[202] NPC Rapport 3-item  question- Non- No effect  N/A
naire adaptive
[203] Affective state, per-  Voice analysis, In- Non- Positive, Medium
formance game-performance  adaptive no effect
[204] Player Experience, Single Items (9- Performance Positive N/A
Performance, Anxi- point Likert) adaptation
ety
[205] Challenge and Ex- IEQ [183] Non- Positive N/A
perience adaptive
[206] Arousal, Player Ex- EDA, IMI [181] & Non- Positive,  Large
perience PENS [16] adaptive no effect
[207] Player Experience ~ GEQ [180] Non- Positive Large
adaptive
[208] Physiological Physiology (HRV, Non- Positive,  N/A
Arousal, Perfor- EDA), In-game- adaptive, No effect
mance Data Deep breath-
ing task
[209] Physiological Physiology (HRV, Non- No effect  Large
Arousal, Perfor- EDA, BR), In- Adaptive,
mance game-Data Deep breath-
ing task
[210] Valence, Arousal, Physiology = (HR, Non- Positive Large
Dominance EDA), Subjective adaptive (n.s.)
(SAM [65], own
scale)
[211] Performance, Flow  In-game Data, Sin- Performance No effect N/A
gle Ttems adapta-
tion, Non-
adaptive
[212] Learning, FEngage- Not specified Non- Positive Small,
ment adaptive large
[213] Long term excite- Physiology (EEG), Non- Positive Small
ment, Enjoyment Single Item adaptive
[214] Character Believ- CBQ [186] Non- Positive N/A
ability adaptive
[215] Fear, Fun, Diffi- 5-point scale Non- Negative  Medium
culty adaptive (n.s.)

While a variety of outcome variables were used, most studies reported a positive effect
direction (i.e. increase in affect-adaptive condition compared to control). 65% of studies

(n = 17) reported positive effects, of which 2 can be considered small, 4 can be considered
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medium, and 6 can be considered large. 5 of these effects were not reported with sufficient

data to calculate effect sizes. Only 4% of studies (n = 1) reported a significant negative

effect. 42% of studies (n = 11) reported non-significant effects for at least some of their

outcome variables.

3.3.2 RQ2: Emotions in affect-adaptive games

All presented games aimed at improving a predefined outcome variable by adapting game

material to emotional states. They included means to measure affective states and emotion-

eliciting material that was the aim of some form of adaptation. An overview of emotion-

theoretical assumptions, emotion measures, eliciting materials and whether measures and

material were tested in their ability to reflect target emotional states can be seen in Ta-

ble 3.3.

Table 3.3: List of included studies, definition of underlying emotion
structure, emotional state labels, emotion measure, whether the
measure was tested in the study, the in-game adapted material
used for emotion elicitation, and whether the effect of this material
on emotion elicitation was tested in the study.

Authors Structure State Labels Measure Measure Adapted Material
vali- material tested
dated

[187] Distinct Anger, Frustra- Facial Ex- Not Difficulty Not

tion, Smile, Re- pression tested tested
laxation

[152] Dimensional Stress Physiology Not Visual Feed- Indirectly

(HRV) tested back
[188] Distinct Anxiety, Bore- Physiology Indirectly  Difficulty Directly
dom, Engage- (HR, EEG)
ment, Frustra-
tion
[190] Dimensional Valence, Facial Ex- Not Difficulty Not
Arousal pression tested tested
[191] Distinct Anger, Disgust, Facial FEx- Indirectly Difficulty Directly
Fear, Happi- pression
ness, Neutral,
Sadness,  Sur-
prise
[192] Distinct [Anger, Disgust, EDA and Fa- Not Difficulty, Not
and Fear, Happi- cial Expres- tested Lighting tested
Dimen- ness, Sadness, sion
sional Surprise]  and
[Arousal]

Continued on next page
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Authors Structure State Labels Measure Measure Adapted Material
vali- material tested
dated

[193] Distinct [Anger, Disgust, EDA and Fa- Not Difficulty Not

and Fear, Happi- cial Expres- tested tested
Dimen- ness, Sadness, sion
sional Surprise]  and
[Arousal|
[194] Dimensional Preference Physiology Directly Difficulty Directly
(EDA, EEG,
HR, HRV)

[195] Distinct Boredom, En- EEG Directly Cognitive Directly

gagement, Demand

[197] Dimensional Boredom, Frus- Questionnaires Directly Difficulty Indirectly

tration

[199] Distinct Distress, Fear, Behaviour Not Narrative Not

Hope, Joy tested Trajectory tested

[200] Distinct Anger, Disgust, Gestures Indirectly Music Not

Fear, Happi- tested
ness, Sadness,
Surprise
[202] Distinct Alarmed, An- Physiology Not NPC Dia- Not
ery, Bored, (EDA, tested logue tested
Content, De- EMG)
pressed, Happy,
Miserable, Neu-
tral, Tired
[203] Dimensional Valence, Voice Analy- Directly Difficulty, Partly di-
Arousal sis Sound rectly
[204] Dimensional Anxiety Physiology Directly Difficulty Not
(HR, EMG, tested
EDA)

[205] Distinct Anger, Frustra- Facial Ex- Not Difficulty Not

tion, Joy pression tested tested

[206] Dimensional Excitement Physiology Not Difficulty Not

(EDA) tested tested
[207] Dimensional Arousal, Va-  Physiology Not Character Indirectly
lence (EDA, tested represen-
EMG, HR, tation,
HRV) Difficulty
[208] Dimensional Arousal Physiology Not Difficulty Not
(BR) tested tested
[209] Dimensional Arousal Physiology Not Difficulty Not
(EDA, HRV, tested tested
BR)

[210] Dimensional Arousal, Domi- Physiology Directly Difficulty Directly

nance, Valence  (HR, EDA)

[211] Dimensional Boredom, Frus- Physiology Not Difficulty Directly

tration (EDA) tested

[212] Distinct Boredom, Frus- SAM [65] Not Difficulty, Not

tration, Relax- tested Aesthetics tested
ation

[213] Dimensional Excitement, Physiology Not Difficulty Indirectly

Frustration (EEG) tested

Continued on next page
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Authors Structure State Labels Measure Measure Adapted Material
vali- material tested
dated

[214] Distinct Anger, Disgust, Facial Ex- Not NPC be- Not

Fear, Joy, Neu- pression tested haviour tested
tral, Sadness

[215] Distinct Anxiety, Fear, Physiology Directly Enemy Posi- Not

Neutral, Sus- (HR) tion tested
pense

42% of studies (n = 11) considered emotions as distinct states, while 50% (n = 13)
considered emotions as instances along a dimension. The remaining 8% (n = 2) explicitly
defined and measured both distinct and dimensional affective variables. Adaptations were
based on a wide variety of affective triggers that were often based on the means of mea-
surement (e.g. arousal cut-offs with dimensional measures, and classified fear with distinct
measures). The number of states that were measured ranges between 1 and 11.

Affective measures were used to indicate states by specific emotion component expres-
sions. The most widely used form of measurement were physiological measures, used by
62% of studies (n = 16) and were conducted through HR readings (n = 6), HRV readings
(n = 4), EDA (n = 10), EEG (n = 4), electromyography (EMG; n = 3), or breathing rate
(n = 2). 42% of studies (n = 11) considered observational data of behaviours, such as facial
expressions (n = 8), voice analysis (n = 1), gesture analysis (n = 1), or in-game choices
(n = 1). Finally, 8% of studies (n = 2) measured subjective feeling in-game as a means to
adapt gameplay through self-report ratings. 62% of studies (n = 16) did not explicitly test
how well the used measure indicated target emotional states, meaning that these studies
relied on either previously tested or untested theoretical assumptions regarding how well
a measure could differentiate between predefined states based on a predefined underlying
structure. 12% (n = 3) indirectly tested the measure, by validating it through other means
than subjective emotion self-assessment (e.g. comparing physiological measures, or testing
reliability of differentiating between emotion-eliciting game materials). 26% of studies (n
= T7) tested the measure within a certain game context directly, by associating it with the
self-reported target emotion in an experimental context.

The emotion-elicitating game material that was the source of adaptation was mostly
focused on challenge aspects of games. 77% of games (n = 20) manipulated game material
to change a game’s difficulty in order to evoke a range of emotions. 19% of studies (n = 5)

manipulated the game’s aesthetics (through visuals or audio) as a way to evoke emotions.
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15% of studies (n = 4) manipulated non-playable characters (NPCs) or story progressions
to reflect affective data of players, and 4% of studies (n = 1) manipulated non-challenge
related in-game events to evoke fear. Again, a majority of studies (58%; n = 15) did not
test the effects of game material manipulation on the target emotion through self-report
measures. 16% of studies (n = 4) tested the emotional elicitation effect of material through
indirect measures (such as physiology), and 26% of studies (n = 7) tested the effects of the

adapted game material on target emotions directly through self-report measures.

3.3.3 RQ3: Methodologies

The sample size (n) ranged from 9 to 294 (M = 37.62), with a Median sample size across
studies of 24 participants. None of the studies justified the sample size on statistical power
assumptions. 96% of studies (n = 25) provided information about demographic details,
such as mean age (n = 18), age range (n = 21), gender distribution (n = 24), or game
experience (n = 15). Statistical power assuming a medium (0.5 SD) effect size ranged from
0.08 t0 0.99 (M = 0.55; Md = 0.46). The target effect size detectable with the study design
ranged from 0.2 SD to 2.8 SD (M = 0.89; Md = 0.8). 8% of studies (n = 2) were able
to detect a small effect size (up to 0.3 SD), 42% of studies (n = 11) were able to detect
a medium effect size (up to 0.6 SD), 58% of studies (n = 15) were able to detect a large
effect size (up to 0.9 SD), and 88% of studies (n = 23) were able to detect a very large
effect size (up to 1.5 SD). An effect size of up to 2 SD was detectable by 96% of studies (n

= 25) and one study was underpowered for lower effect sizes than 2.8 SD.

Table 3.4: Included studies, sample size (N), reported demograph-
ics (% male and mean age), statistical test, estimated power as-
suming a medium effect (0.5 SD), target effect size (ES), and risk
of bias (RoB; + refers to low risk; +/- refers to some concerns; -
refers to high risk of bias).

Authors N % M Test Power Target RoB
Male Age ES
[187] 60 68 N/A t-Test 0.85 0.5 +
[152] 12 58 33.92 MANOVA 0.20 1.3 +/-
[188] 21 76 2243  t-test 0.39 0.71 -
[190] 31 N/A N/A Wilcoxon 0.84 0.5 -
Rank
[191] 25 80 N/A Z-test 0.43 1.0 +/-
[192] 30 60 N/A t-test 0.85 0.5 +
(193] 30 60 31.87  t-test 0.85 0.5 +
[194] 50 74 25.1 t-test 0.23 1.1 +
[195] 10 40 N/A t-test 0.29 0.8 +

Continued on next page
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Authors N % M Test Power Target RoB
Male Age ES
[197] 66 73 30 ANOVA 0.99 0.3 +
[199] 294 50 19 MANOVA 0.99 0.2 +
[200] 22 67 20.00  t-test 0.3 1.2 +
202] 16 63 N/A  tetest 024 14 +
203] 40 N/A  N/A  ttest 093 04 +
[204] 9 47 N/A  ANOVA 026 1.1 +/-
[205] 32 N/A N/A Wilcoxon 0.85 0.5 +
Rank
[206] 16 94 N/A  ANOVA 061 0.7 +
[207] 24 67 22.5 MANOVA 0.41 0.8 +
[208] 9 78 N/A Not specified 0.08 2.8 +/-
209] 16 94 N/A  ANOVA 012 1.6 +
[210] 11 73 30.5 Not specified 0.19 1.7 +/-
[211] 36 61 N/A Friedman 0.82 0.5 -
test
[212] 30 67 19 t-test 0.38 1.0 +/-
[213] 24 92 25.59 ANOVA 0.74 1.0 +
[214] 52 86 N/A  Z-Test 0.97 04 +/-
[215] 12 92 25.42  Not specified 0.49 0.8 +

62% of studies (n = 16) were found to have a low risk of bias (RoB), i.e. no bias concerns
in the observed domains. 27% of studies (n = 7) showed some concerns for risk of bias,
and 11% of studies (n = 3) showed domains with a high risk of bias. Al Osman et al. [152]
compared a biofeedback game against the same game with hidden feedback. They also
introduced participants to the game aim and relaxation strategies through meditation in
the biofeedback condition only. These conditions were therefore visible to participants and
could impact the outcome, leading to some concerns in the domain of performance bias,
even though the sampling was reportedly counterbalanced. Alves et al. [188] reported
inconsistent empirical results (i.e. different effect sizes for the same effect), which was
judged a high risk for reporting bias. Andrew and Chowanda [190] used strategies of un-
concealed randomization, did not report group comparisons for all outcome measures, and
proposed some conflicting operationalizations of similar measures (such as negative valence
through FER and positive affect through self-report as desired outcomes), leading to a high
risk in the domains of detection and reporting bias and some concerns in selection bias.
Blom et al. [191] reported multiple outcome variables (preference, challenge, immersion,
frustration) through constructed self-assessment questions, but only reported descriptive
differences for challenge, immersion, and frustration without a statistical test to test these
differences, which indicates some risk in reporting bias. Liu et al. [204] provided a clear

methodology, but conducted some additional analyses and created variables not previously
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justified, indicating some potential risk for reporting bias. Parnandi et al. [208] missed
some important information in the process description (such as randomization, blinding,
or how knowledge of different interventions [such as affective game vs. deep breathing
exercise| was controlled in its potential to affect outcome). It is not clear if all outcomes
are sufficiently reported, as a statistical test for group comparisons was not provided for
all outcome variables, indicating some concerns about reporting bias. Rodriguez et al.
[210] were not able to randomize participants across conditions, as experimental data was
compared to a previously conducted experiment. Additionally, they provide very limited
reports of group differences for all outcome variables, indicating some concern for selection
bias and reporting bias. Rosa et al. [211] did not provide a clear analysis plan (including
the number and types of outcome variables and statistical tests), leading to some potential
replication issues and a high risk for reporting bias. Potential order effects due to missing
counterbalance were not discussed, indicating some concerns for selection bias. Salah et
al. [212] reported extremely large effects (> 5 SD group difference), without sufficient
indications of the potential nature of these effects. Measures such as "learning effect" were
also not clearly defined, indicating some concerns regarding performance and detection
bias. Finally, Tjokrosetio and Chowanda [214] described an unconcealed randomization
process, leading to some concerns about selection bias. Additionally, the outcome variable
was tested by participants watching specific gameplay videos without playing the tested
games, leading to an unclear evaluation of adaptation, as it was not described how emotion

adaptation contributed to changes in outcome variables.

3.4 General Discussion

This study aimed to investigate the impact of affect-adaptive games on various possible
outcome variables through a systematic review of high-quality evaluation studies of the
field. To broaden our understanding of the nature of these studies, both theoretical as-
sumptions regarding emotion research, and methodological concerns were examined. 26
studies were identified that evaluate emotion-adaptive games against a form of control

condition in an empirical context and their contents were summarized.
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3.4.1 The Effects of Adaptation

To judge whether or not emotional game adaptation can be seen as effective, there are
many variables that need consideration. In the initial search, many studies were identified
that describe methods to achieve affect-adaptive adaptation, but many did not focus on
evaluation (n = 36), some did evaluate but either without a control condition or only
using case studies (n = 16). Still, the empirical evaluation of affective games against
controls has been a topic with increasing interest, as 26 studies were identified, most of
them published after 2017. These studies test a range of different adaptation mechanisms
in different genres of games, with different strategies to measure and model emotions, and
even different outcomes of interest.

The most investigated outcome related to at least some domains of player experience
(PX). As a concept, player experience suffers from the lack of a clear conceptualization
and measuring standard, which was mirrored by the abundance of different instruments to
measure PX aspects. Only recently efforts have been made to test and improve validity
and reliability concerns. For example, Denisova et al. [216] tested the underlying structure
of the TEQ, GEQ, and PENS and found considerable similarities, which makes a clear
distinction between tested PX domains difficult. Similarly, Johnson et al. [217] tested
the factor structure of the GEQ and PENS and found they were only partially replicable.
Aspects of concepts like immersion and flow show considerable overlaps, leading to further
doubts about how many and which domains PX consists of [218], influencing the value
of PX as a precise and valid research outcome and therefore as a useful development
concept. Because integrative and comparable research becomes more and more important
to evaluate effects, my findings support the notion of the need of more unified concepts
and instruments, especially in terms of game evaluations.

Still, using PX as a broad overall category of interest, mostly positive effects of emotion-
adaptive games have been reported. For example, Akbar et al. [187] provided empirical
evidence for PX improvements through DDA using facial expression recognition for both
a 2D platformer and 3D shooter and similar results were reported by Moniaga et al. [205]
for a 3D Hack and Slash game. Frommel et al. [197]| used in-game self-reported emotions
to adapt difficulty in a 2D platformer, leading to large effects. Nogueira et al. [207]
extensively tested multiple versions of affective adaptation through physiological data in
a survival horror game and identified many large PX domain improvements compared to

a non-adaptive game. Ibanez et al. [200] showed improved presence for a virtual reality
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horror game with fear-adaptive music against the same game with generic music.

There were some non-significant effects reported, which could indicate mixed results
regarding the effect of adaptation. Many of these however also indicate small sample sizes
and a low statistical power, making it difficult to draw inferences. Darzi et al. [194] for
example found no effect on multiple PX domains, but included many conditions, which led
to a power of under 0.8 for any effect smaller than 1.1 SD. A similar picture can be seen
in the study from Ewing et al. [195], who did not find an effect against manual adaptation
of difficulty, or Negini et al. [206], who found no effect for PX reports, both showed a
generally low power. Jalbert et al. [202] tested rapport with emotion-adaptive NPCs, but
also was severely underpowered for any effect smaller than 1.4 SD. While this does not
necessarily mean that negative or non-effects are always based on power, it is very difficult
to interpret results that are not sufficiently powered to uncover a range of effect sizes.
The study by Hernandez et al. [199] provides an exception; they had a large sample size,
but still found no effect of emotion-adaptation on PX. In this particular study, emotion
was measured through the choice of in-game dialogue and classified based on designer-
constructed rules, which introduces a range of validity concerns regarding whether or not
the emotion-adaptive game could truly be considered emotion-adaptive (as this was not

tested using any validated emotion measure).

One important aspect to note is that while issues in statistical power become imme-
diately apparent in studies with non-conclusive results, there are also issues in studies
reporting significant results. Because the observation of significant results with a small
sample size means that the observed effect is quite large, a high post-hoc power can be
misleading and should not be interpreted as strength of evidence [178|. In fact, most stud-
ies in this review only achieve a sufficient power with large (0.8 SD) or very large (> 1
SD) effects. Even if these are found, issues in generalizability due to the small sample
size should be considered. Salah et al. [212| conducted a study with a low sample size
and found an extremely large adaptation effect for engagement (> 5 SD). While it can
be argued that there is no need for large samples if the theorized effects are large enough
to be observable, a small sample is also less likely to represent a given population [178].
Extremely large effects for small samples might lead to unreliable interpretations as the
same effect might not hold true for a general population. Studies of Al Osman et al. [152],
Blom et al. [191], and Liu et al. [204] have similar issues and report large positive effects

in at least some of the observed outcome variables with a low sample size. Statistical
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power was not explicitly discussed as a factor to justify sample size in any of the examined
studies, and neither was accuracy. It is important to note that accuracy (i.e. width of
confidence interval) can be seen as a considerable concern with most of the studies (given
the median sample size of 24), making even significant effects potentially unrepresentative
[219]. Additional concerns regarding generalizability and replicability were the inconsistent

reporting of basic demographic data and descriptive statistics.

Studies that focused on affective outcomes reported positive to mixed results. Lara-
Alvarez et al. [203] provided evidence for successful improvements in experiences of
pleasant-high affective states in an emotion-adaptive learning game using pre-validated
voice analysis. Stein et al. [213] used an EEG-adaptive version of a 3D shooter and
showed higher long-term excitement values compared to the control version of the game.
Parnadi et al. [208], [209] showed mostly no differences, comparing a relaxation training
game to a non-adaptive game and a deep breathing task condition with very low sample
size, leading to a general conclusion that affective games have promise in their ability to
manipulate emotions through context (e.g. the ability to create stressful situations), which
cannot be done with regular relaxation exercises, but the proper design and development
of affective games need further work to provide consistent results. Rodriguez-Guerrero
et al. [210] tested an affective against a non-affective neurohabilitation game with a low
sample size and found inconclusive results, indicating complex affective relationships be-
tween game materials, player data, and outcomes. Vachiratamporn et al. [215] tested the
effects of a fear-adaptive horror game in terms of emotional reactions, which remained

non-significant, possibly based on a very low statistical power.

Studies that focused on the effects on performance [192], [193] reported positive effects
for shooting, puzzle, and exploration tasks in a 3D game for an adaptive game compared
to a non-adaptive game, using physiological and face recognition information. In these
particular studies, it is argued that the combination of relevant information (in this case
affective information and playing style classification) to personalize experiences could lead
to the largest effect. The authors conclude that there are still many unknown variables and
interactions when it comes to affective adaptation, but the initial promising data points
towards the potential of further research, especially research that reduces the cost and

obtrusiveness of affective recognition and modelling.

All in all, there is a lot of variance in multiple aspects of the analyzed studies, which

makes a clear picture of the effect of emotion adaptation not yet possible. In fact, the
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differences in methodological approaches, efforts to ensure generalizability, and efforts to
reduce risk of bias add to the already present problems of comparability. Meta-analytical
strategies, which are seen as one of the best ways to aggregate scientific knowledge [220]
are difficult to conduct, not only because of differences in approaches and theoretical
perspectives (such as outcome variables of interest or emotion models), but also because of
differences in methodologies that should be universally prevalent, such as shared and precise
PX conceptualizations, appropriate measures, well-constructed and powered experiments,
and the sufficient reporting of data. While the reported effects of affective games seem

ultimately promising, it may be too soon to fully evaluate them, given these barriers.

3.4.2 The role of Emotion

All studies described games that adapt material to affective information, which was either
continuously or intermediately measured. In general, affective states of interest can be
considered emotional, i.e. states with a relatively short duration and high intensity. While
the elicitation of certain moods (e.g. in horror games) was a particular aim, all studies
measured and adapted to data relating to emotional reactions, either measuring physio-
logical aspects (through HR, HRV, EDA, EMG, or EEG), behavioural aspects (through
FER, gesture analysis, or voice analysis), or subjective feelings (through self-reports).
Mostly depending on the measurement instruments, the inferred emotional states are
either considered as dimensional or distinct constructs with states of interest that are con-
sidered useful for a particular game adaptation. For example, some studies [208], [209]
focus on emotional arousal, measured through physiological arousal in an effort to create
games for relaxation training. Others [187], [191]-[193], [214] use facial expression analysis
to measure distinct emotional states, such as fear, joy, anger, or sadness. One of the main
concerns when it comes to emotion measures is the inability of a single instrument to ac-
curately reflect the complex nature of emotion in its entirety [38]. Inferences made from
one or multiple measures are also subject to different sources of variation, such as personal
differences and current context [32], [221]. That means that the validity of the emotion
recognition system is highly dependent on the following factors: The measurement instru-
ment, the emotion conceptualization, the given context, and individual differences. As the
study by Rodriguez-Guerrero et al. [210] shows, even well-established emotion concepts (in
this case dimensions of valence, arousal, and dominance), measured through a combination

of instruments (such as HR and EDA), can lead to poor accuracy. Still, the majority of
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studies (n = 16) did not explicitly test how well a certain measure predicted the target
emotional state and, instead, built the emotion recognition system on theoretical assump-
tions. While some of the assumptions have considerable representation in the literature
(such as the association between physiological and emotional arousal [145]), others are
highly contested. For example, there is no clear consensus on which true emotional states
are represented well through facial expressions [222]. Researchers (e.g. [187], [205]) may
therefore interpret potentially non-distinct facial expressions (such as smile and smirk) as
distinct emotional states. Another contested point is how and if distinct emotional states
could be mapped to affective dimensions (e.g. [190]), as dimensional and distinct theoret-
ical frameworks of emotions often have vastly different theoretical bases [28]. Finally, the
exact relationship between a physiological measure and an affective state is not clear for
every individual and context [32], so the relationship is hard to interpret without concrete
mappings that some of the studies did not provide [192], [193], [202], [213]. While basing
decisions on contested assumptions can be in some cases useful, especially in providing
more insight into fundamental psychology research, without explicit validity testing, there
is a risk in unknowingly misinterpreting ambiguous data. In the study by Ibanez et al.
[200], the gesture-based emotion recognition was tested indirectly by classifying partici-
pants who encountered a predefined “emotion-inducing” room within the game world and
accuracy was only sufficient to distinguish between participants who visited the fear room
or participants who visited any other room. Given a specific game and audience, such
an approach could provide a way to adapt between two affective states, although it is
unclear if these states truly represent the targeted fear vs. no fear states. Alves et al.
[188] combined measures indicating fear and frustration into a combined emotional state
to increase accuracy, although the theoretical and practical implications of such a state are

not discussed.

The explicit (and direct) testing of measures given a game context and player base
has in some of the analyzed studies been used to improve emotion recognition strategies:
Ewing et al. [195] described a 2-step process, first establishing a relationship between
measures and target emotions and then designing adaptations. Frommel et al. [197]
measured the feeling of a target emotion through self-reports, which directly reflected the
base of potential adaptation. Liu et al. [204] based their study specifically on anxiety and
established methods to accurately predict anxiety in a preceding experiment. To ensure

theoretically valid mappings, the relationship between a proposed emotion model and a
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given measured emotion component not only ensures valid predictions but also provides
the opportunity to focus on any emotional state that might be of interest for game design,
including complex emotions like shame or pride. In this sense, designers are not limited
to measuring concepts with more established physiological correlates (such as emotional
arousal), especially given the influences of context and individual differences that justify

testing in any case.

Still, emotion recognition is only a part of the adaptation process. A game is only truly
adaptive if it changes in a way that elicits a target emotion, which closes the feedback
loop [27]. Again, most investigated studies make theoretical assumptions regarding such
an elicitation process. Most notably, many studies propose affective difficulty adjustment
based on the flow model [133], [134], which proposes the existence of an optimal experience
(lying between dimensions of boredom and frustration) when challenge and skill of a game
are balanced. As a consequence, many of the studies chose to adapt difficulty aspects of
games (such as health, enemy behaviour, platform size, game speed, etc.) to achieve an
optimal experience. But not only is flow a conceptually ambiguous construct in psychology
[223], the precise relationship between skill, challenge, and flow is unknown [224]. Further-
more, it is hard to assess whether or not a given adaptation was successful if fundamental
and untested assumptions must be made (e.g. smaller platforms lead to challenge, which
leads to frustration). Again, as with all emotional reactions, elicitation has been found
to be dependent on individual and contextual factors, both in perspectives that argue for
basic, innate emotions [34], and in perspectives that argue for constructed emotions [38|.
This is not only true for ambiguous concepts such as flow, but all emotions. Hernandez et
al. [199] based their adaptation purely on the designer’s ability to infer emotional states
from made choices, which might have led to the observed lack of adaptation effects. Ibanez
et al. [200] assumed specific relationships between game elements and six basic emotions
based on Ekman [56] (e.g. light and flowers for joy, insects and slime for disgust) and used

these assumptions to train emotion classifiers.

Again, the explicit (and direct) testing of eliciting material given a game context and
player may be necessary to avoid unclear mappings between game materials and emotions.
For example, Darzi et al. [194] tested the ability of different game characteristics to elicit
the targeted emotional changes in a preceding test. Such a process could provide similar
benefits as testing the relationship between emotions and measurement instruments. More-

over, if the relationship between the target emotional state and the game material is clear,
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adaptation can be based on very specific, pre-defined rules that are not based on poten-
tially contentious assumptions and address concerns of interindividual and intraindividual
differences in emotion processing.

Overall, the nature of emotions given modern theories, including emotion component
expressions, and the implications of theoretical perspectives are not thoroughly addressed
in almost all studies, leading to potential theoretical uncertainties, and influencing the

observed results.

3.5 Conclusion

This review provided aggregated evidence regarding the effects, evaluation methods, and
theoretical assumptions of emotion-adaptive video games. Not only were mixed effects
observed in the investigated studies, but a large variance in methodological approach and
theoretical justifications was found, leading to many open questions regarding affective
games. This systematic review adds to the body of evidence uncovering gaps in research
and practice when it comes to games that adapt to player emotions.

Many of the analysed studies describe their main contribution as the development and
exploration of technological solutions regarding emotion recognition and adaptation and
not as the evaluation of affect-adaptive games. This review specifically analyzed the evalua-
tions in terms of emotion-theoretical assumptions, methodologies, and findings. From such
a perspective, it is clear that more work is required to draw certain conclusions regarding
the three main aspects of affective gaming as defined by Hudlicka [142], i.e. emotion sens-
ing, modelling, and adaptation. The main limitation for conclusive data in the field may be
rooted in technology, but rather in theoretical and methodological standards. The research
criteria regarding adaptation evaluation shared between studies are limited, especially in
regard to generalisability. Ambiguous constructs, measured through instruments with un-
known reliability are often used as outcome variables to evaluate adaptive games and there
is a large variance between studies that makes it apparent that these constructs (especially
relating to player experience) need more unification. Similarly, emotion-theoretical details
are insufficiently integrated into the research process, leading to potentially erroneous prac-
tices in regard to applying emotion theories. The strongest support for the potential of
affect-adaptive games in enhancing player experiences, performance, or health lies in stud-
ies that specifically test their affective assumptions in terms of (a) measures of affective

data and their relationship to the target emotion; and (b) adapted game materials used to
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elicit emotions and their relationship to the target emotion. Following such a process gives
game designers and researchers the opportunity to gather more information, address con-
cerns regarding the influences of individual differences and context on emotional reactions,
and avoid making assumptions based on contentious emotion-theoretical perspectives. As
many of the described studies show, emotion adaptation is promising if the design and
evaluation process is robust. The evidence does not suggest that this potential holds only
true for certain game genres, certain emotions, or certain measurements, but for a variety of
games with different aims and potentially a variety of emotions, especially under-explored
and complex emotions, measured through different pathways such as inferred through sub-
jective, behavioural, or physiological data. The field of affective gaming holds many yet
unfulfilled promises not only to enhance games but to further our knowledge of what emo-
tions are. But - with the core issues analyzed - the path to contributing potential solutions

is uncovered.
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Chapter 4

Narrowing the Gap

"It is science’s methodology to try to reduce complex
phenomena like emotions to a list of functional
requirements, and it is the challenge of many in
computer science to try to duplicate these in
computers to different degrees, depending on the

motiations of the research.”
— Rosalind W. Picard [225]

Following the basic findings of Chapter 3, there are two particular gaps that need urgent
attention:

First, there is a need for a theoretical synthesis of the relevant fields. While psychologi-
cal research provides us with a great number of theoretical concepts and empirical evidence
for these concepts, these findings are not often put to use in game research with all their
implications in mind. Emotional game studies are often only indirectly related to modern
emotion theories and affective game studies suffer from multiple measurement and interpre-
tation issues that are partly dependent on their assumptions regarding underlying emotion
theories [1], [44]. Because emotions are such a complex psychological construct, there is
currently no perfect solution to integrate findings from psychology, design, and computer
science into a work that would be able to perfectly measure and interpret affective data and
further use this data as a base for video game adaptation. Rather, integrative theoretical
work should be able to provide a robust model of emotional interactions between humans
and video games in a way that is applicable to all kinds of games, to all kinds of research
and design aims, and even to all kinds of contradicting emotion model assumptions, as

there is as of yet no universally agreed upon emotion model and basic conceptual aspects
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of emotions are still in need for further research. In light of this situation, it might not be
the most rewarding approach to try to explain this complex relationship in all aspects but
to focus on aspects that are (a) known and generally agreed upon by experts in the field,
and (b) applicable and therefore useful in making practical decisions.

Second, given a theoretical model that fulfils the above-mentioned criteria, there is
furthermore a need for more validated and data-driven practical application of theoretical
assumptions regarding emotions in video games. As it has been shown, it is quite tempt-
ing to make certain assumptions regarding emotional game aspects and player behaviour,
but leaving them untested can prove risky and further widen the gap between theory and
practice in the field. In fact, precisely because the theoretical base of the player-game rela-
tionship is so complicated and incomplete, practical methodological contributions become
much more important. Giving researchers and game designers the opportunity to focus
their efforts on gaining new empirical insights would prove valuable in multiple aspects.
For example, game designers should be able to make emotion-adaptive games, even with-
out a thorough understanding of emotion theories. Researchers on the other hand should
be able to study specific emotional phenomena using games, without relying on already
established measures or models with perfect fits (as those still do not exist). Therefore,
providing a practical guide to establish, research, and use emotional relationships between
players and games would be a valuable contribution to the field.

To summarize, this chapter will focus on the development and discussion of a framework

for affective interactivity, consisting of two parts:

1. A theoretical overview. The work will integrate relevant literature in emotion
research, design research, and affective computing and use this to develop a theoret-
ical model based on the ongoing emotional interaction in video games. This model
will be robust against theoretical uncertainties and can be used by researchers and
developers to describe and model the emotional relationship between players and

games.

2. A practical guide. To bridge our theoretical knowledge with practical methods that
allow the development and research of emotional games, a methodological framework
will be presented, discussing steps that enable researchers and designers to empir-
ically test emotional relationships within the player-game interaction and make in-
formed decisions based on these relationships in order to adapt the game to affective

information.
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4.1 Improving the Theory

As illustrated in Chapter 2, a lot of progress has been made in framing the emotional
relationship between players and video games. Here we describe a theoretical model with
clear definitions for each component and therefore integrate contemporary research from
psychology, game design, and affective computing into one interactional model. This model
expands the version of the affective feedback loop as described by Yannakakis and Paiva
[47], specifically by implementing an emotion-theoretical model of the player into the loop
and providing new labels to more precisely talk about emotional information that is being

exchanged within the game-player interaction.

Emotional Qutput
Design Space

Elicitati
Module
1 Individual Traits
Adaptation Emotional Emotional Emotional Appraisals ﬁ
Mode Game System Feedback Loop Player Profile 1
| | Physiological
T response
= C ey
Modelling Module

motional Input
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emotional state

Figure 4.1: Illustration of the emotional feedback loop as an expression of game-player
interaction. The game system uses emotional input that infers information about player
emotions and adapts the emotional output accordingly. The player appraises the output
on multiple variables which leads to interactions on measurable emotion components that

can in turn be used to close the feedback loop.

4.1.1 The Player

The new player component in the context of emotional games specifically means the player’s
emotions. Depending on the design perspective, emotions are sometimes defined as experi-
ences, sometimes as action motivations, and sometimes as bodily reactions. Drawing from
shared assumptions in emotion research, we can assume that (a) emotions consist of mul-

tiple components (like physiological, behavioural, and subjective feelings); (b) appraisal
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is central to the experience; (c) appraisal and the experience are dependent on context;
(d) appraisal and the experience are dependent on individual differences; and (e) emotions

evolve over time.

With this definition as a base, we are able to illustrate the player as part of the ongoing
feedback loop with the game, adding specific emotions as psychological targets to the
affective feedback loop that already exists in HCI studies 27|, [42]. Emotions are here
defined as short and intense affective states to reduce the inconsistent and imprecise use
of the word "affect", which is especially important given the variety of affective feedback
loops present in the literature. This model therefore represents an emotional feedback loop
(Fig 4.1). To be precise, it explains relevant concepts of the affective relationship between
player and games in the domain of emotions and not other affective states, such as moods

or traits.

The advantage of viewing the player component as a direct representation of theoretical
overlaps between emotion theories lies in the flexibility of the approach. Player emotions
can be meaningfully interpreted as distinct categories, dimensional expressions, basic and
universal mechanisms, as well as culture-dependent constructs. Either way, emotions are
represented within multiple components of interest, such as physiological reactions or be-
haviours. One of the most important components in explaining emotion elicitation is the
appraisal component, which is influenced by both individual traits and the situational
context. Acknowledging the importance of traits and context within this model is an im-
portant step in not falsely generalizing the effects of certain stimuli on player emotions.
Finally, because emotions consist of different qualities, it is also important to not view
them as fixed, but dynamically evolving states. With consideration of all these aspects of

human emotions, a useful representation of player emotions can be modelled and analyzed.

Still, because this player component is only based on shared theories between different
theoretical perspectives, it is by no means an exhaustive model of all aspects of human
emotions. Instead, it should be seen as a simplified representation of any given emotion of a
player and considered more in its utility in applying these concepts to real games without
making false assumptions than in its accuracy in explaining every relevant mechanism

relating to emotions.
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4.1.2 The Game

In the discipline of affective games, a game system has per definition three major tasks it
has to fulfil to become affective: emotion sensing and recognition, computational models
of emotion, and emotion expression or adaptation [41]. Based on these tasks, Yannakakis
and Paiva [47] provided descriptions of three game system modules: an emotion detection
module (a module to measure and model player emotions), an adaptation module (a module
to adapt the game world to these player emotions), and an elicitation module (a module
to elicit target player emotions). These modules represent the game side of the emotional
feedback loop.

While these modules might not be explicitly described in traditional games, they can
be used to describe familiar functions of any game system that relate to player emotions.
For example, if a game offers a hard challenge, it has the potential to elicit feelings of
satisfaction, accomplishment, and pride (emotion elicitation). There is however still the
risk of evoking unwanted frustrating experiences, therefore most games gradually increase
the challenge based on prior performance or player choice (emotion adaptation). While
this adaptation is not based on primary emotional data, it could be based on for example
difficulty settings, i.e. subjective preference (emotion detection). Every game that builds

an emotional relationship can therefore be viewed within the emotional feedback loop.

4.1.3 Closing The Loop

Given the game system and the emotional player profile, there are now two kinds of in-
formation that are being exchanged. First, there are the stimuli provided by the game
for the player. This is the design space of the game, which includes possible stimuli that
elicit certain emotions. The term emotional output can be used to label these stimuli.
This can include any type of game stimuli, such as NPCs [226], avatars [227|, game world,
mechanics and narrative [47], graphics and music [228], but also more high-level concepts
like rewards, creativity, and player agency [131], [229].

This specific concept was chosen to describe game aspects that have a relationship
to player emotions. This relationship cannot be seen as universal, which means it is de-
pendent on individual differences and context. Following the loop, the player expresses
the emotional reaction in various components (such as feeling, physiological response, or
behaviour). This expression includes information provided by the player to be measured

through the game to infer emotional states. We conceptualize this information as emo-
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tional input. Naturally, emotional input can consist of direct emotion measures, like in
biofeedback games. However, physiological measures cannot be assumed to map to cer-
tain emotions [32] and given the complex nature of emotions and the varying experiences
games want to achieve, input measures need to be considered in terms of accuracy, cost,
effort, and usefulness [145]. Therefore, other information might be more appropriate to
use, like indirect measures, which could include any input a player makes in a game, from
button press patterns to in-game behaviours [230]-[232]. Furthermore, building on our
knowledge of how emotions occur, inferences could also be made from assumptions about
contextual aspects, individual player traits, and emotion progressions that relate to the
target emotion.

Again, this is conceptually true for every game, meaning that every game has the
potential to gain access and make use of emotional information. However, the emotional
reaction of a player is very subjective and dependent on context and individual traits,
which makes the emotional relationship as a whole dependent on the type of game and the
given player profile. In other words, there is no universal answer to the following questions:
(a) How and to what extent can a given emotional output evoke a target emotion? (b)
How and to what extent can we infer the emotions of a given player through a predefined
emotional input? To make practical use of this model, these questions have to be answered
for each game individually. If these questions are answered, games can be specifically
designed to target affective reactions and also adapt to changes of player emotions.

To summarize, the emotional feedback loop reflects the ongoing emotional interaction
between a game component based on affective game systems [47], and a player component
based on current psychological emotion concepts that are relevant, resilient to changes in
our understanding of emotions, and applicable across emotion theories. The emotional
interaction is an explicit focus point and is represented through emotional output and
emotional input as sources of affective information. It can be used to describe every game,
but in order to apply it, it is necessary to make the emotional information measurable and

usable in a practical process.

4.1.4 Summary

To summarize, the emotional feedback loop provides terms to describe the emotional game
system (and its tasks), the emotional player profile with relevant emotion-theoretical com-

ponents, and the information that is being exchanged between the game and the player.
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This model can be seen as an extension of the affective feedback loop [27], [47] to provide
(a) clear terms that are consistent with their definitions in their respective fields, and (b)
a comprehensive illustration with integrated, contemporary knowledge regarding emotion
research, game design, and affective computing. This model can be used to more easily talk
about aspects of the emotional game-player interaction. It is therefore useful in terms of
describing functional designs for existing games, guidelines for developing emotional games
(based on the knowledge we currently have), and researching emotional phenomena that
are part of such an interaction.

For example, using this model, we can summarize the tasks of designing emotional

games as follows:

1. The design of emotional game output: The creation of game stimuli that elicit
a certain target emotion through appraisal, given a certain context and individual

differences

2. The integration of emotional game input: The measuring of certain emotional
expressions from the player that can be used to adapt the game in favour of the

target emotion

In order to contribute beyond research integration and new terminology, the descriptive
tools provided by the model can now be used to propose a framework for designing and

researching emotional games.

4.2 Improving the Practice

The aim of this section is to provide a practical guide for game designers and researchers
to develop and test video games or video game characteristics that are adaptive to player
emotions. It builds upon the emotional feedback loop to address some of the issues related
to emotion elicitation in games and streamlines the process of integrating emotional adap-
tivity into game projects. Building on other interactional design frameworks [121], this
process will be referred to as emotion design for video games. To provide the most
useful overview of possible methods to apply the emotional feedback loop, it is important
to further avoid confusion with other subtly different concepts and accurately describe the
individual process steps.

The practical framework is built upon the new emotional feedback loop model and

has the aim to enable designers and researchers to make and test emotional hypotheses
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themselves and use the resulting data in a “bottom-up” design process. The framework’s
steps were based on standard practice in usability testing [233], [234]; i.e. (a) identifying
a primary goal for testing; (b) observing and recording users; (c) analyzing data and
proposing changes. Each step was expanded upon and refined by adapting the process to

the current emotion research advancements identified in the model in Chapter 4.1.

Theory about target emotion
Identify fitting stimuli I Identifiy fitting measures

users and measures

l’ \\
. \
Examine reaction of },’ User Research N Examine relationships between )

specific users to stimuli

Design stimuli and \ Adaptation Design [ Operationalise
rules of adaptation / \ measures

Emotional Game Content

Figure 4.2: Illustration of the practical framework: To elicit a target emotion, both the
domain of the game material and the domain of the user input need to be considered.
Potential game characteristics (domain 1) and user input variables (domain 2) that could
relate to the target experience need to be identified (step 1), and tested in user research
(step 2). The gathered information can be used to introduce adaptivity of the game
material based on user input to bring the product closer to the intended experience (step
3) or to improve research by further developing theoretical assumptions about the target

emotion (dashed arrows)

4.2.1 Theory about Target Emotion

In order to design a game or game aspect that elicits a certain emotion, the target emotion
in question needs to be conceptualized. In game design practice, the affective reward of
games is often referred to as the experience [21], which can be considered as the subjective

component of a certain emotional reaction. For example, the emotion "sadness" includes
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as previously discussed many different components (e.g. cognitive, physiological, and be-
havioural nature), but the target itself for the designer is the subjective, conscious feeling
of sadness. When choosing a target emotion, we can therefore at this stage consider only

the subjective feeling a designer wants to elicit in a player.

Naturally, there is a growing interest in experiences that not only relate to broad "basic"
emotions (e.g. fear or happiness) but also more complex and underexplored emotions [235],
including "aesthetic" emotions (e.g. schadenfreude or the feeling of being moved [236]);
or even emotions that have no concrete label (e.g. the anticipation of something bad
happening or ordinary, less intense emotions [237]). Considering the labels of emotions
also often differ between languages and cultures [31], the choice of target emotion should
not be limited to well-known labels, but might also include experiences that are not yet
fully understood or defined. Successful emotion elicitation might be facilitated if the target
emotion has already been thoroughly explored in psychological research, but the only
necessary characteristic of the target emotion is that it can be evaluated in terms of how

successful the elicitation is.

When a target emotion is chosen, the subsequent process can be considered from two
domains. The domain of emotional output tries to identify game material that evokes
the target experience. The question that guides the steps in this domain is: What game
characteristics evoke the target emotion? The domain of emotional input on the other
hand tries to identify measures a game can use as an indication of the player’s emotion.
The question that guides the next steps in this domain is: What can a game track that
indicates the target emotion? The framework introduces the terminology and process steps
for these two domains for two reasons: (a) both domains need to be considered to ensure
the target emotion can be elicited across individuals, and (b) both domains need to be
considered to ensure the target emotion is elicited for one player during the progression of

the game.

The framework specifically addresses uncertainties regarding emotion expression, dif-
ferences in emotion elicitation depending on individuals and context, and the complex

progression of emotions.
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4.2.2 First domain: Design Emotional Output
4.2.2.1 Identify fitting stimuli

The literature describes many possible game elements that evoke certain emotional re-
actions, for example NPCs [238], avatars [227]|, game world, mechanics and narrative
[47], graphics and music [228|, but also more high-level concepts like rewards, creativ-
ity, and player agency [131], [229]. Frameworks like Emotioneering [130] or the mechan-
ics—dynamics—emotions (MDE) framework [49] provide a variety of possible channels to
use in the game design process.

It is however crucial to acknowledge that the characteristics of a stimulus are only
important in the context of appraisal: It is not a fixed attribute of the dark hallway to
evoke fear. Considering the classic appraisal variables described by Lazarus [89], goal-
relevant but incongruent stimuli that are difficult to cope with correspond to fear, so the
appraisal of the dark hallway as scary is dependent on specific features: does the player
need to follow the hallway to reach a goal? Do players feel like the darkness is incongruent
with their goal?

At this stage, game materials can be designed based on assumptions or existing ex-
amples indicating their potential in eliciting the target emotion. While it can be helpful
to review known appraisal variables for well-researched emotions, the more practical and
common approach is to design based on successful examples. For example, in an extensive
analysis of the emotional effects of Silent Hill by Perron [150], the author discusses how the
specific type of emotional terror in the Silent Hill series was designed to mimic Japanese
psychological horror movies and how it differs from the experiences of other horror media.
This discussion is led by appraisal on a reflective processing level. For example, during
the production of Silent Hill 2, the developers tried to induce anxiety gradually increasing
conscious anticipation of negative events [150]. Other processing levels can be considered,
including sensorimotor responses (e.g. fear through sounds [239]), and perceptual and

associative responses (e.g. fear through danger-associated stimuli).

4.2.2.2 Examine reaction of specific users to stimuli

Studies about industry practices show that game companies often rely on genre conventions,
historical successes of other games, or internal theories of the developers when designing

game stimuli [129], [235] and to great success. As observed through the lens of Uses and
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Gratification theory, players too make use of genres, their knowledge of other games, and

their own internal theories to predict their own feelings when playing a specific game [240].

But to make sure the game (or game elements) really evoke the target experience, game
creators need to test them and this is commonly done through user research to thoroughly
understand the individual emotional reactions of users within a target audience. In a 2018
discussion of game user research [241], Zammitto of Electronic Arts states that almost
all large game companies have teams of dedicated user researchers who are responsible for
executing UX tests of a qualitative or quantitative nature to inform developers of the expe-
riences of target audience members during various cycles of game development. Through
organized processes involving design, development, and testing, many game aspects are
iteratively fine-tuned to deliver on the target experience [242]. Within the domain of
emotional output, user research can establish whether a game aspect can elicit the target

emotion for certain individuals and in certain contexts.

The methods to conduct such research are often discussed in literature about player
research or targeted empirical tests and usually include self-report instruments, such as
for example questionnaires (e.g. the PANAS [60]), where players rate how strongly they
felt an emotion in a certain moment of the game after playing. This provides a precise
quantitative measure of experiences that is easy to interpret but may be influenced by
restrictions of the questionnaire (e.g. not the complete emotional space is included). To
capture a more complex view of the experiences, interviews or open questions can be
constructed where players describe the experience in their own words (see for example
[122]). This has the potential to provide a more detailed overview of the elicited emotions
but might be harder to interpret for the use within a game. Additionally, self-reports after
gameplay sessions could be influenced by factors like memory effects and only capture the
most notable emotional reactions. To account for the evolving nature of emotions with
variable onset and offset periods and subtle differences over time, continuous experience
reports could be used (such as the with two-dimensional emotion-space [243], the affect
rating dial [244], or even free association techniques [245]). Players get the opportunity to
report their experiences continuously during gameplay and data can be collected that map
exactly to in-game moments. Again, responses are limited to how open the scale is and
free responses are more difficult to interpret and quantify. There is an exceedingly large
space to describe experiences both in categories and finer gradients [246], so the choice of

research methods should account for the needs of the specific designs.
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4.2.2.3 Design stimuli and rules of adaptation

As mentioned before, games and specific game aspects are most commonly designed through
iterations that are being evaluated in their potential to elicit a target experience. Using
the proposed terminology of the framework, we can say that game stimuli are evaluated
by their potential to become emotional output. This implicitly means for the designer
that there is an at least partly known relationship between the game they create and the
emotion a user experiences when playing it. Broadly speaking, this can mean that a game
consists of similar elements that have been successful in other works, delivering an experi-
ence players can expect and seek out, but it can also mean on a detail level that specific
aspects of a game have been extensively tuned and tested to ensure a certain emotional
experience, even when played by a variety of players.

This by itself is not a new process, but we argue that given the complexity of emotion
elicitation and expression, two criteria for the success of creating emotional game material
should be considered at this stage: (a) how well does this design work across individuals;
and (b) how well does this design work given the rapidly changing emotions within one
individual.

We call the process that aims to ensure that these questions are addressed adaptation.
Interindividual adaptation attempts to create the same emotional experience for different
kinds of players. For example, players with a high ability to play a certain genre may enjoy
more challenging gameplay, while players with lower ability would experience the same
enjoyment with less challenge. Ideally, user research has identified game characteristics
(such as reaction time windows or health for challenge) that are the source of different
experiences for different types of players, so these characteristics can be accounted for (e.g.
through purposefully designed difficulty settings).

Intraindividual adaptation attempts to create an optimal experience for one player as
the game unfolds, based on assumptions of how emotions evolve. For example, a game has
successfully elicited fear for a player, which means that the design space is now open for
more intense fear reactions (e.g. terror), or strong opposite emotions (e.g. the feeling of
relief).

If a design can elicit the target emotion across different individuals and within one
individual, it can be considered adapted to player emotions and therefore as emotional
output. We can illustrate this with the example of game difficulty: It is widely acknowl-

edged that game difficulty has an influence on enjoyment when player abilities are taken
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into account (e.g. in dynamic difficulty adjustments or in player-chosen difficulty settings)
[247]. Many games provide difficulty options to ensure enjoyable experiences for differ-
ent types of players but also adapt game difficulty during the game to accommodate the
changing abilities of one player. In order for this to work, game designers need to be aware
of the relationship between difficulty settings and enjoyment, i.e. emotional output and
target emotion as discussed in the previous sections. But they also need to be aware of
the current state of the player, which the framework addresses in the second domain. In
this specific example, we need some kind of input from the player to determine if they
are enjoying the game, either as measures of their experience [247|, or their selection of
difficulty settings. This input that infers the emotional state of the player and can be used

for adaptation and successful emotion elicitation is referred to as the emotional input.

Emotional Output Expene nce Emotional Input
NPCs measures Player traits
Avata.m Context
GNa.rrat[veld Progressional information
1\;[::]:22; Indirect measures
5 Direct measures
Aesthetics . .
Additional game aspects unknown relationships

Figure 4.3: Model of relevant variables for the user research that allows the connection of
emotional output and emotional input through experience measures given a game context.
The tested statistical relationships can be used to inform the design of emotional evocative

games, without the need for specified emotion models.

4.2.3 Second domain: Integrate Emotional Input
4.2.3.1 Identify of fitting measures

Emotional input in a game design context could be any data that holds information about
the emotional player profile in the current moment of the game-player interaction. This
includes information about players and game contexts that have been established in the
previous steps, but also other measures of affect. For example, if user research identified
that the target experience of melancholy was reliably elicited via a fixed narrative, devel-
opers can reasonably assume that the players experience melancholy when playing through

the events of the game. Emotional input can however include additional direct and indirect
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measures of emotions:

The most prevalent measures are of physiological nature and multiple instruments
are commonly investigated: electrocardiogram (ECG) measures heart activity, which can
include both heart rate (HR) and heart rate variability (HRV). In gaming contexts, HR
and HRV are often related to stress or fear [44], [215], [229], [248]. The main benefits
include low cost and straightforward interpretation of information, but measures can only
make predictions about arousal. Similarly, Electrodermal activity (EDA) or Galvanic Skin
Response (GSR) refers to the skin’s electrical conductivity, which can be measured through
sensors that are small, wearable, and cheap. It is commonly used to reflect arousal aspects
of emotions, which is used in some affective gaming studies to infer information about high-
arousal emotions, such as fear or excitement [207], [248], [249], but has limits in making
distinctions between these emotions. Electromyograph (EMG) measures the electrical
potential of muscle cells, which is commonly used in gaming contexts to make inferences
about valence aspects of emotions by measuring facial muscle activities [207], [250]. While
this is a promising approach to make inferences about distinct types of emotions, EMG
facial sensors can be more invasive than ECG or EDA sensors and interpretations are reliant
on the coding system that relates muscle activity to emotional states, which potentially
limits its use for a range of more complex emotions [251]. Finally, Electroencephalography
(EEG) is used to measure the electric activity of the brain, which has been found to be
closely related to reports of valence and arousal but includes multiple, invasive sensors
and complex data that is sensitive to any changes in brain activity [145] and is therefore
difficult to associate with emotional responses. Whether or not specific emotions map
onto specific physiological profiles across all contexts remains unclear, so relying upon a
given physiological measure or group of measures to reveal a given emotion is conceptually
problematic. Nevertheless, physiological sensors offer a wide range of primary affective
data that can be used to test assumptions about their relationships with target emotional

experiences [32], [252].

Another class of measures considers observational behaviours, such as gestures, pos-
tures, facial expressions, or eye gaze. Motion captures have had some success in classifying
emotions in regards to either high or low intensity [253]. Measurement of facial expres-
sions has been used to distinguish between emotional facial features and is reported to be
easy and unobtrusive to implement [166]. However, accuracy seems to depend on players

being in the right position, being similarly expressive, and not manipulating reactions [44].

74



4.2 Improving the Practice

Conflicting evidence also suggests that certain emotions can be expressed in multiple ways
and are not universally reflected across cultures [254], which could limit the practicability
of such an approach. Another measure lies in eye gaze, which is typically associated with
attention, but has also been used to provide simple classification information on arousal
or valence aspects of emotions [255], [256] or to create new gameplay input systems [257].
While eye-gaze is hard to track in classical gaming setups, virtual reality headsets with
included eye-tracking devices are becoming more popular, which makes this technology for
some games easy to implement and a promising source of data for adaptation [258], [259].

Finally, in-game behaviour can be used to infer information about current emotions as
players have the opportunity to influence the game through their input (or player choice
[131]). For example, input behaviour in mobile games has been shown to predict low and
high levels of valence and arousal [260] and certain emotional states are related to input
variables like touch pressure [230] or controller button presses [261]. There have been efforts
made to model emotional states from in-game performance or input parameters (e.g. [231],
[262]) and most recently, emotion classification based on in-game responses to narratives
has been used to measure distinct emotional states [263]. This is still a young field, but
game adaptation based on behaviour yields promising results in engaging different types
of players [232], [264].

In summary, there are many possible sources of information, although none are univer-
sally applicable. The choice depends on the design aim and requirements, but should in

every case be informed by user research.

4.2.3.2 Examine relationships between users and measures

As with the relationship between game material and emotional reaction, we often cannot
assume that the relationship between player input and their current emotional state is
known. Although there is a wide variety of measures that have been related to emotion in
one way or another, there is no perfect solution to measure emotions in games. Robust,
universal one-to-one matchings between emotions and measurement either have yet to be
discovered or do not exist. Some researchers in the field argue for a combination of different
methods, which seems necessary to increase accuracy, but also increases cost and effort.
Designers can however avoid these uncertainties by focusing on the project’s specific
design aims. Since the resulting subjective experience is the design aim, games do not need

to accurately predict all emotions, but rather explore the relationship between appropriate

75



Chapter 4: Narrowing the Gap

available data and the subjective experience of the target emotion. When testing the effects
of the games on user’s emotions through user research (as explained in Section 4.2.2.2),
games can also test what kinds of user input can be used to assess the current player’s
emotions.

This means that the data should provide some indication of the relative presence or
absence of the targeted emotional state within the tested game context and for the tested
audience. However, it need not distinguish between that state and other unlikely states.
A game that aims at relaxation does not need to rely on accurately measuring sadness.
However, it should establish some kind of indication of subjective relaxation.

In order to be considered adaptive the game must demonstrate an effect on player
relaxation for different individuals and during different phases of the game. The main
question to address in the user research step for the second domain is therefore: What
information can a game use to identify such differences and adapt? For a physiological
relaxation game that uses HR measures user research can explicitly test the relationship
between HR and relaxation for different individuals. If it exists in the context of the game
and is usable, the game has now a way to track the target emotion of the player and
adapt to ensure it, regardless of the individual differences or the current point of the game.
For another relaxation game without physiology tracking, user research can for example
explicitly test the relationship between in-game performance and relaxation and if this
proves useful can then design difficulty levels that ensure a specific in-game performance
and therefore relaxation.

Like in the first domain, measures can become usable to infer emotional states by specif-
ically testing their statistical relationships within the context of the game. An illustration

of the user research for both emotional output and emotional input is depicted in Fig 4.3.

4.2.3.3 Operationalise measures

User research informs about the data sources that can be used to make inferences about
emotional states, so the last remaining step is to operationalise these data sources and
connect them with the game output, as depicted in Fig 4.3. Both the emotional input
and the emotional output of a game have an established statistical relationship with the
target experiences, so the input can be used to determine the output.

An illustration of such a process can be seen in the study by Shaker et al. [265] who

collected gameplay behaviour and self-reported experiences from players first and then used
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the findings to identify important input patterns that reflected frustration, challenge, and
fun. Game worlds were then created that adapted to these input patterns, which resulted
in a better evaluation of the game. Consequent studies showed that collecting gameplay
data beforehand provided the opportunity to model player experiences, which could point

to the practicability of such a process for almost all games [231].

In this sense, the emotional input and the emotional output are both representations
of the experience and are therefore easily exchangeable and enhanceable in reaction to the
needs, technical progress, and also to more informed theories. Such a modularization is
currently heavily emphasized by researchers in affective computing, not only because it
can make actual solutions easier and more approachable, but also because theories from
psychology, design, and HCI are more and more in the process of unification and a system
that draws and informs all of these fields will need to be dynamic [266]. For example, if
face recognition is used as a measure for anxiety within a game, it can be complemented by
other measures or even easily exchanged, because it only represents the tested relationship
with the experience and not an underlying model of emotion that makes face recognition

necessary.

4.2.4 Summary

To ensure that a game elicits a target experience, this framework provides the terminology
and methodology to make some of the unknowns explicitly known and usable to design

game elements. This process includes:

First Domain: Design Emotional Output

1. Identify fitting stimuli. Make use of common design practices (e.g. the use of
successful examples, and game design frameworks) to identify game elements with the po-
tential to elicit the target experience.

2. Examine the reaction of specific users to stimuli. Explicitly test the relation-
ship between the designed game characteristic and the target emotion using user research
methods. This step needs to take individual differences and game progression into account.
3. Design stimuli and rules of adaptation. Given the knowledge of step 2, determine
how the game needs to adapt between individuals and during the progression of the game

to ensure the target experience. This step needs to take the second domain into account.
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Second Domain: Integrate Emotional Input
1. Identify fitting measures. Identify ways to indicate whether or not the target emo-
tion is experienced with consideration to cost, invasiveness, generalizability, and ease of
interpretation.
2. Examine the relationship between users and measures. Explicitly test the rela-
tionship between the chosen measures and the target emotion using user research methods.
3. Operationalise measures. Given the knowledge of step 2, determine how user input

can be used to trigger the adaptations of the first domain.

Melancholy as target experience
Stimuli related to melancholy (based How can melancholy be inferred?
on research, experience, inspiration)

CDO players experience melancholy)," User Research \‘\ ( Finding right game context for )
fr

om these stimuli? Which players? melancholy

Presenting stimuli in-game to ideal\ Adaptation Design ﬁpedﬁc game contexts can be defined
player and in ideal context. j \_ as triggers to adapt stimuli

Melancholic content

Figure 4.4: Example of process application using melancholy as an aesthetic experience.

This framework was developed to help avoid outdated classification techniques or sim-
plified theoretical assumptions. To bring video games closer to the benefits associated
with adaptation, this process can be followed for certain games or game aspects, while
issues currently present in affective games research (as such rules that are unlikely to hold
across all situations and individuals) are being addressed. Designers and developers should
be able to test relationships themselves for a specific game context and player group to
make informed decisions about how to adapt a game to player emotions. This is necessary
because there are many unanswered questions about the nature, variety, and underlying

mechanisms of emotion. This framework does not claim to provide answers to these ques-
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tions; instead, the aim is to illustrate methods that could help designers and researchers
get closer to finding some of the answers themselves. In fact, because we are far from a
common understanding of how emotions can be modelled, it is more useful to enable devel-
opers and researchers to contribute without the need for a comprehensive understanding

of emotions.

4.3 Conclusion

To address the problems present in affective games, it is important to synthesize our current
knowledge in our psychological emotion research, design research, and HCI research with
a focus on affective computing. This chapter collates relevant research findings to provide
a model of the ongoing emotional interaction between a player and a game that can be
represented by our refined version of the emotional feedback loop (Fig 4.1). Based on this
loop, a methodological framework of emotion design for video games was illustrated that
introduced explicit methods to implement emotion-adaptivity in games and to research
some of the open questions that remain about our emotional connection to games. As
demonstrated in Chapter 3 and mirrored by research over the years [267], there is a lack of
unity in the work that conceptualizes game-player interactions. This approach takes a step
towards reducing this lack. It connects theoretical perspectives from multiple disciplines.
The proposed approach was created to reduce confusion and to provide guidance for applied
emotion research games that do not restrict them by oversimplifying their assumptions
about emotions or misinterpreting relationships between affective variables. It is crucial to
not expand the confusion even more but to connect different fields with a common theory
that is both dynamic and useful. Doing this, a design-led approach could address some
of the technological and conceptual problems that currently exist in the affective game
literature. An emotional game is not (yet) a game that completely understands the full
range of human emotions, but a game that can successfully create an emotional experience.
Only with an approach that is robust to uncertainties, but still enabling in the questions
that matter, can designers and researchers understand more about the processes that are
involved.

To achieve this, it is necessary to examine how this framework could be integrated
with common design practice in a way that supports the process. An important step to
demonstrate the usefulness of this framework is a thorough evaluation of the process as a

whole and of the concepts introduced here.
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Chapter 5

Affect in Adaptive Systems:

Creating "The Flow Experience"

"To this state we have given the name of "flow",
using a term that many respondents used in their
interviews to explain what the optimal experience

felt like."
— Mihaly Csikszentmihalyi [133]

With a better grasp on the problems in the field of affect-adaptive games (Chapter 3)
and a potential process towards mitigating many of these problems with the Emotion
Design Framework (Chapter 4), the logical next step is to put the framework to the test.
In order to achieve this, this chapter will follow the structure shown in Fig 5.1: First,
emotional input and emotional output variables will be identified for a newly developed
video game. Following this, two empirical experiments will be constructed, one mirroring
the testing phase of the Emotion Design Framework, and the other testing the result of the
adaptation phase against a non-adapted game. To be more specific, in the first experiment,
a video game will be developed with a set of potential emotional output variables and
potential emotional input variables. The statistical relationship between these variables
and the subjective emotional experience of the players will be tested. Based on the results
of these tests, the second experiment - the adaptation phase - will implement affective game
adaptation and test it against a control version of the same game with rigorous empirical
standards. In doing so, this chapter aims towards providing validation for the work given

in the previous chapters and expand on the findings with data-driven evidence.
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Figure 5.1: Illustration of the structure of this chapter: Each empirical experiment targets

&

a specific process in the emotion design framework. Study 1 showcases the user research
phase and the resulting information is used to build an affect-adaptive game, which is

evaluated in Study 2 against a control game.

5.1 Aims and Motivation

The main aim of this chapter is to expand on the typical process of developing affective
games by focusing on explicit testing of emotional associations between game data and
subjective player experience before the adaptation is integrated into game development.
This means that before an adaptation is proposed and planned, user research for a newly
developed game is conducted to find potential affective associations between emotional
output, emotional input, and subjective player affect. The process reflects the testing
phase and is illustrated in Fig 5.2.

Following this, affective adaptation processes are designed and built based on the gath-
ered data from the testing phase. These are then in turn empirically evaluated by testing
the effect of the adaptive game against a control version of the game in terms of increased
game enjoyment. The game designed for this study was "The Flow Experience" a 2D
top-down arcade-style game with the specific aim to evade enemy attacks for a set amount
of time.

The first experiment involves exploratory analyses of in-game variables to test which
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Emotional Output Expenence Emotional Input
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Figure 5.2: Ilustration of the relevant emotional information to design and test affect-
adaptive video games. We describe information that could infer the emotional state of the
player as potential emotional input. Information that could influence the emotional state
of the player is described as potential emotional output. In order to create a functioning
affective loop, the relationship between subjective experience and both potential emotional

input and output must be examined.

could be used to indicate the target emotion, which is defined as the change in experienced
valence (i.e. the ability of the game to increase positively-valenced experiences), which was
chosen as a valid affective construct to avoid conceptual uncertainties of game enjoyment
measures [268], as well as experienced arousal, which is widely used in combination with
valence to describe affective experiences [32]. It is important to note that we use valence
and arousal as a dimensional construct to purely measure subjective affect and not as a
definition of emotional state, therefore avoiding fundamental assumptions. Confirmatory
analyses are then used to test the success of specific game mechanisms in eliciting the
target emotional state. These mechanisms were chosen because of their theoretical ability
to influence experienced valence. Based on the research of dynamic difficulty adjustment
(DDA) that provides a body of work showcasing a relationship between challenge and
enjoyment [269], enemy attack speed was considered as a candidate variable to manipulate.
It was hypothesized that attack speed would influence the emotional experience for certain
types of players (i.e. players that enjoy easier versus harder games) and that these players
could be identified by measuring in-game data. Based on research showcasing the emotion-
evocative power of adaptive music [270]-[272], both tempo and synchronization of in-game
material to the beat were considered as candidate variables. It was hypothesized that
slower music would contribute to relaxing experiences and that synchronization between the

gameplay and music would lead to a valence increase. Findings from the first experiment

83



Chapter 5: Affect in Adaptive Systems: Creating "The Flow Experience"

were then used to create adaptive versions of the game.

In the second experiment, these adaptive versions were tested against a control group to
evaluate the whole process. The main aim was to provide an example of the novel method-
ological process presented in the previous chapters that can be used to test emotional
assumptions explicitly, based solely on subjective affect measures and use this information
to make a more enjoyable adaptive version of the test game. As previously presented, this
process was designed to be robust against contentious theoretical assumptions and make
different affective games more comparable, which ultimately could help provide more uni-
fied insights about the effects of emotion adaptation in video games and how emotions

function in real-life applications.

5.2 The Game: The Flow Ezxzperience

For the purpose of this chapter, a modern 2D action game was developed, utilizing arcade-
style gameplay, which has been tested in the context of affective adaptivity with mixed
results [194], [195]. As reported by Gundry and Deterding [273], there are many potential
validity threats associated with experimental game research that need to be addressed,
such as games’ complexity, sources of unwanted variance, and different social framing.
These barriers were aimed to be addressed through the methodological approach. "The
Flow Experience" as a game was used to provide an example with high ecological validity,
i.e. a game that represents an example of a commercial entertainment game. While it
is often argued that commercially available games with an established player base may
achieve this the best (e.g. [274], [275]), a new game was created to provide insights about
the application of the proposed principles within the design process and not post-hoc
for a finished product. Additionally, validity concerns relating to the complexity of game
stimuli, familiarity with the test material, and the influence of unwanted variance were more
controllable in a prototypical version of a new game that allowed targeted manipulation of
variables to make clear causal inferences (see Chapter 5.3.1.1 for more details). The game
was developed in the Unity framework, using C# as a scripting language. The completed
version of the game is currently available on Steam [5]. A detailed design rationale can be

found in B.
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5.2 The Game: The Flow Ezxperience

5.2.1 Gameplay

The gameplay loop is based on classic arcade games, such as Asteroids. Players are placed
in a fixed-sized 2D arena with a top-down view. One enemy moves and teleports around
the arena while shooting (see Fig 5.3). To create a very focused gameplay interaction,
players’ only goal is to avoid getting hit for a level-dependent amount of time. Players
have three different mechanics that they can utilize to avoid projectiles: (a) Continuous
movement in a two-dimensional space; (b) a dash, which gives a short boost and makes
players invincible, but leaves them standing still for a short time afterwards; (c) a block
that guards against certain attacks with a shield that has a fixed cooldown time after usage
and that prevents further movement. Players start each level with three lives and restart

if all lives are depleted. If one life remains for a set amount of time, one wins the level.

Figure 5.3: Screenshots of the first (top left), second (top right and bottom left) and

last (bottom right) experimental level of The Flow Experience. Top: The player evades
projectile attacks by the enemy through simple movement. Bottom Left: The player blocks
a row of incoming projectiles with a shield. Bottom Right: The player dashes through wave
attacks to not get hit. The top bar in each screenshot indicates the current state of the

level, i.e. the time remaining.
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5.2.2 Visual and Sound Design

The game’s visual elements were created with two aims in mind: (a) provide a fitting
and thematic setting, related to positive experiences as described by Csikszentmihalyi
[133], and (b) keep the overall aesthetic deliberately abstract to minimize expectation
effects and to limit narrative interpretation outside the scope of the work (see Fig 5.3).
To achieve these aims, the setting was chosen to be an abstract representation of space
and the player and enemy were represented through ancient symbols. The fairly sparsely
orchestrated electronic score was chosen to provide a soft and slow support for the openness
of the general aesthetics in order to not contribute to stress, but rather calmness, even in
difficult scenarios. In the top-right corner of the screen was a score indicator. For the
experimental version of the game, this score did not reflect performance, but rather it

increased continuously for all participants and was therefore purely aesthetic.

5.2.3 Pilot Study

A pilot study was conducted to test the experimental version of the game to make it
as usable and easy to understand as possible. 10 participants (7 female) with a mean
age of 26 (ranging from 18 to 29) were recruited for the pilot study and asked to play
through the experimental version of the game, consisting of one tutorial level and three
experimental levels. Afterwards, each participant was asked to report any problems or
sources of confusion regarding the experimental setup, the tasks, and the game. Based
on the reports, some wordings in the affect measurement screen were changed to make it
more clear how arousal and valence were defined. Additionally, text was included at the
beginning of the game to make players aware of the possibility of remapping controls (both

for gamepad and keyboard controls) to their convenience and to improve accessibility.

5.3 Study: Testing Phase

5.3.1 Materials and Methods
5.3.1.1 Measures

The aim of this first experiment is to test statistical relationships between subjective ex-
perience and potential emotional output, as well as potential emotional input, as reflected

in Chapter 5.2. To achieve this, multiple variables were measured within the game:
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For self-reported affect, valence and arousal levels of participants were chosen [61].
Specifically, an affect grid [276] was used, because it is an established, fast, and easily
understandable single-item instrument, with high and well-documented validity and relia-
bility for the subjective component of emotions [29]. In theory, any validated self-report
instrument could be used at this stage, but the affect grid was chosen, because it provides
continuous and well-defined data for subjective affect. The grid has two dimensions, one
for arousal (on a 7-point scale) and one for valence (on a 7-point scale).

Several behavioural measures were used to assess potential emotional input, i.e. player
input and demographic variables that were then tested to assess how well they represent
subjective affect. Each variable was measured within one level, resulting in four distinct
sampling points for each variable. These variables included: (a) the number of deaths in
a level, (b) time spent moving the character, (c) the number of performed blocks, (d) the
number of performed dashes, (e) the number of avoided attacks, (f) how close actions were
performed to a downbeat (i.e. rhythmic behaviour; operationalized as the average time
difference to the nearest downbeat), (g) lost lives in a level (death and restart occurs after
all three lives are lost), (h) number of wins (i.e. number of levels successfully finished, as a
level ends automatically after 5 minutes or 6 deaths). Additionally, demographic measures
of age, gender, and how regularly participants play games ("Never", "Monthly", "Every

two weeks", "Weekly", "Every few days", "Daily") were included.

5.3.1.2 Manipulations

Because this first experiment aims to investigate associations to then inform the design of
an adaptive version for the second experiment, four in-game variables were manipulated to
specifically test their effects on subjective player affect (representing potential emotional
output). The first one was the played levels, which represent differences in in-game con-
texts between participants. Practically the level determined what enemy patterns players
encountered and how much time between different enemy actions (either movement or at-
tacks) passed. To mimic a real gameplay environment, the level order was not randomized
but designed to increase gradually in difficulty and specific gameplay aspects (see 5.3.
Three additional independent variables were experimentally manipulated to test their
direct effect on player emotions (i.e. how well they influence player emotions). These
variables were within-subject manipulations, meaning that their manipulation took place

within a player’s session and changed between the three experimental levels of the game.
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Emotion Measure

Please rate how you are feeling right now by clicking with your mouse on the appropriate space
: in the grid. )

Note: It Is Important that you answer honestly.

High Activation © A Excitement
Unpleasant Feelings D

Pleasant Féelings

0
0
0
0

0oooooo

Depression Low Actlvation . Relaxation

Figure 5.4: In-game implementation of the Affect Grid adapted from Russel [276]

To address sequencing effects, the presentation sequence was counterbalanced between par-
ticipants. The first one was musical tempo, which was presented in three fixed expressions
(120bpm, 140bpm, 160bpm) by either slowing down or accelerating the game’s background
music. The second variable was a multiplier of enemy attack speeds in three expressions
(0.5x; 1x; 1.5x). The last variable was enemy synchronisation, consisting of two expres-
sions. The synced version forced enemy actions always on the downbeat of the music, while
the non-synced version used a fixed amount of time (based on the average of the synced

version) between enemy actions, ignoring the background music completely.

5.3.1.3 Procedure

The experiment was finalized and a WebGL version of the game was made available online
via the free video game hosting platform itch.io. After starting the game, participants were

asked to carefully read the study information sheet and agree to voluntarily participate in
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the study via a consent form. Participants were then led to the home screen of the game,
where they were able to revise and optionally remap the game’s control scheme. Following
this, participants played through the tutorial level of the game that was designed to teach
the three main mechanics of the game: Moving, blocking, and dashing (in this order),
explaining the controls again throughout.

Players then played through the three experimental levels that were presented in a fixed
order as a way to mimic natural progression in video games. Before and after each level,
players were led to the affective grid screen to indicate their levels of arousal and valence.
Each experimental level was designed to include enemy patterns that revolve around one
of the three main mechanics: Moving in the first level, blocking in the second level, and
dashing in the third level. Every participant encountered manipulations of one of the
three manipulated independent game variables (either musical tempo, enemy attack speed,
or beat synchronization), while the other two variables were kept stable. Manipulations
of each variable changed per level and the presentation sequence was counter-balanced

between participants.

5.3.1.4 Participants and Statistical Analysis

A total of 452 participants were recruited through social media (Reddit, Twitter, Face-
book) by posting the link to the study in appropriate groups and sub-forums, as well as
through the institutional subject pool of the authors. Participation was voluntary and
compensated through University credits if applicable. To minimize the risk of error due to
participants not taking the experiment seriously, participants who withdrew at any point
during the experiment were excluded, leading to a final sample size of 161 (88 female).
The sample size was considered appropriate based on a statistical power analysis, yielding
a power of 0.95 for medium-sized effects (0.5 SD) and 0.8 for small effects (0.25 SD) in
repeated measures ANOVAs. Participants’ age ranged between 18 and 45 years (M=22.04;
SD= 6.30). 19% reported never playing games, 20% reported playing monthly, 6% reported
playing biweekly, 9% reported playing weekly, 19% reported playing every few days, and
27% reported playing daily. After removing incomplete cases and computing demographic
data, three steps of statistical analyses were conducted. First, an exploratory analysis uti-
lizing correlation and multiple regression analysis was used to detect associations between
player behaviour variables (potential emotional input) and affective measures. Regressions

included interaction terms and were used to test the best fit of subjective affect predic-
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tion. Second, a confirmatory analysis was used to statistically test the effect of in-game
manipulations (potential emotional output) on affective variables. This was done using a
Within-Subject ANOVA with follow-up t-tests to gather more information about observed
effects. Because only one of the three emotional output variables was manipulated for a
given participant, these analyses were done separately for three groups: One for musical
tempo (N=55), one for attack speed (N=57), and one for enemy synchronisation (N=49).
Third, to test if any observed effects in Step 2 were dependent on player or game vari-
ables identified in Step 1, regression analysis was performed using F-tests and follow-up
t-tests. This was done to identify interactions between emotional input and emotional out-
put in predicting user experience as a way to propose potential adaptation mechanisms.

All analyses were conducted in R.

5.3.1.5 Ethics Statement

Written consent was granted after reviewing the methods of our study by both the Physical
Sciences Ethics Committee and the Ethics Committee of the Psychology Department of
the authors’ institution. The experiment was conducted in accordance with the recom-

mendations of these committees.

5.3.2 Results
5.3.2.1 Explorative Analyses

Changes in arousal and valence ratings were calculated by subtracting measures made
after a given level from measures made before a given level. Descriptive data for mean
changes of arousal and valence across all levels can be seen in Table 5.1. To measure
the relationships between changes in emotion ratings and game data, correlations were
calculated for each game variable with arousal change and valence change. Results showed
multiple statistically significant associations. Changes in arousal were positively related to
the time spent moving (Pearson’s r = .23; p = .003) and to the number of avoided attacks
(Pearson’s r = .20; p = .01). Changes in arousal were also negatively associated with the
number of wins (Pearson’s r = -.18; p = .02)

Changes in valence were positively related to the number of blocks used by players
(Pearson’s r = .24; p = .002), as well as with the number of avoided attacks (Pearson’s r
= .22; p = .004; ). Changes in valence were also negatively associated with the number of

deaths in a level (Pearson’s r = -.25; p = .002; ), and with the number of lost lives within
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a level (Pearson’s r = -.25; p = .002). No other correlation was significant.
Group Valence Change Arousal Change
N M SD M SD
Low attack speed 57 0.09 1.62 0.05 1.30

Medium attack speed 57 -0.40 1.52 0.30 1.51
High attack speed 57 -1.11 1.13 0.74 1.43

Low tempo 55 -0.23 1.96 0.13 1.31
Medium tempo 55 -0.02 1.81 0.24 1.43
High tempo 55 0.35 2.17 0.35 1.44
No synchronization 49 -0.82 1.68 -0.51 1.70
Synchronization 49 0.14 1.06 0.06 1.34

Table 5.1: Descriptive data over all three experimental levels by conditions.

Using these correlations as a quality measure for the prediction, regression models were
tested that could explain the most variance of arousal and valence. Multiple regression
models were tested against each other, using all possible combinations of variables showing
a significant association with affect. The respective model with the highest R? for valence
and arousal was deemed as the model with the best fit. For arousal, a linear model using
movement (standardized = 0.23 p < .001) and number of wins (standardized § = -0.18;
p = .02) showed the highest effect (F[2, 159] = 7.32; p < .001; R® = .08). For valence,
a linear model using number of blocks (standardized = 0.16; p = .06) and number of
deaths per level (standardized § = -0.17; p = .05) showed the highest effect (F[2, 159| =
7.00; p < .001; R? = .08). These predictors were further used to test interactions on the
effects of emotional outcome variables.

To test for influences of individual traits, the associations between demographic data
and emotions were examined. Game experience showed a significant correlation with va-
lence (t[160] = 2.53; p = .01; Pearson’s r = .20), no significant association was found for
age or gender.

To test for influences of game context, differences of emotion changes for the different
levels were tested via Within-Subject ANOVAs. There were significant effects on both
valence (F[3, 483] = 6.08; p < .001; 7712) = .03) and arousal (F'[3, 460] = 3.70; p = .014;
171% = .02). Follow-up t-tests revealed that all three levels had a lower change in valence

compared to the tutorial level (Tutorial: M = -0.04; SD = 1.62; Level 1: M = -0.79; SD
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— 1.57; t[161] = -4.18; p < .001; Cohen’s d = -AT; Level 2: M = -0.43; SD = 1.56; t[161]
= -2.28; p = .02; Cohen’s d = -.24; Level 3: M = -0.44; SD = 1.56; t[161] = -2.38; p —
.02; Cohen’s d = -.25). Similarly, the tutorial level had a higher change in arousal (M =
0.65; SD = 1.32) compared to the experimental level 2 (M = 0.23; SD = 1.31; t[161] =
2.96; p = .004; Cohen’s d = .32) and 3 (M = 0.16; SD = 1.59; t[161] = 2.92; p = .004;
Cohen’s d = .33).

5.3.2.2 Confirmatory Analyses

The effects of the emotional outcome variables (tempo, attack speed, and enemy synchro-
nisation) were tested via Within-Subject ANOVAs. Musical tempo showed no effect on
valence (F[2, 108] = 1.09; p = .34) and no effect on arousal (F[2, 108] = 0.29; p = .74).

Attack speed showed a significant effect on valence (F[2, 112] = 8.51; p < .001; 72
= .11), and a borderline effect on arousal (F[2, 112] = 3.04; p = .052; Eta Sq = .04).
Follow-up t-tests revealed significant effects on valence for low attack speed (M = .09; SD
= 1.62) vs. high attack speed (M = -1.12; SD = 1.13; t[56] = -4.38; p < .001; Cohen’s d
= -.58) and for medium attack speed (M = -.41; SD = 1.52) vs. high attack speed (M =
-1.12; SD = 1.13; ¢[56] = -2.96; p = .005; Cohen’s d = -.39).

Enemy synchronization showed no effect on valence (¢[48] = 1.03; p = .31) and also no

effect on arousal (¢[48] = -0.31; p = .76).

5.3.2.3 Interaction Analyses

To test whether the effect of attack speed on emotion ratings was dependent on the identi-
fied emotional input variables, regression analyses were conducted for each of the following
predictors: (a) game experience; (b) the best-fit model of player data, using number of
blocks and number of deaths per level; (c) game context (i.e. played level). Each re-
gression predicted emotion ratings from one of these variables, speed, and the interaction
between the two. To make interaction analyses possible, these emotional input variables
were transformed into three groups (low, medium, and high), based on the 33rd, 67th, and
100th percentile. No interaction was found for game experience (F[2, 112] = 1.65; p =
.18), but the linear model using number of blocks and number of deaths per level showed
an interaction effect (F[4, 92| = 3.41; p = .02). Posthoc-tests revealed that for the low
player model group, low attack speed led to higher valence increase (M = 0.21; SD = 1.47)

compared to medium (M = -0.84; SD = 1.34; p = .02) and high attack speed (M = -0.79;
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SD = 1.08; p = .02). Similarly, for the medium player model group, the low attack speed
led to higher valence increase (M = 0.16; SD = 1.34) compared to medium (M = -1.00;
SD = 1.05; p = .004) and high attack speed (M = -1.26; SD = 1.19; p < .001). However,
for the high player model group, the medium attack speed led to higher valence increase
(M = 0.63; SD = 1.61) compared to low (M = -0.10; SD = 2.02; p = .03) and high attack
speed (M = -1.26; SD = 1.10; p < .001).

Player level also showed a significant interaction effect (F[4, 162] = 2.59; p = .04), as
illustrated in Fig 4. For level 1, low attack speed led to a higher valence increase (M =
0.05; SD = 1.72) compared to medium attack speed (M = -0.84; SD = 1.34; p = .009). For
level 2, the high attack speed showed a significantly smaller valence increase (M = -1.33;
SD = 1.28) compared to low (M = 0.31; SD = 1.08; p < .001) and medium attack speed
(M = 0.30; SD = 1.69; p < .001). For level 3, the low attack speed led to a significantly
higher valence increase (M = -0.05; SD = 1.90) than the high attack speed (M = -1.15;
SD = 1.18; p = .01). Interactions are illustrated in Fig 5.5.

Level Player model

. 1 . low

. 2 . medium
3 high

low medium high lows medium high
Attack speed Attack speed

Valence change
Valence change

Figure 5.5: Bar graphs of the interactions. Left: Effect of attack speed on valence change
by level (game context). Right: Effect of attack speed on valence change by expressions of
the linear player model consisting of the number of blocks and number of deaths. Error

bars symbolize standard error (SE).
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5.4 Study: Adaptation Phase

Based on the results of Experiment 1, two potential adaptation mechanisms were identified.
The first one is game level, which showed a significant interaction with the effect of attack
speed on valence. More precisely, as Figure 5.5 shows, the experimental levels 1 and 3
showed that low attack speed was enjoyed the most, while in level 2 low and medium
attack speeds were enjoyed equivalently. The second one was the linear model using the
number of blocks and number of deaths per level, which could be seen as a proxy for player
skill in this specific game scenario. As Figure 5.5 shows, players with a low or medium
expression in this model had the biggest valence change with the low attack speed, while
players with a high expression in this model had the biggest valence change with the
medium attack speed.

Based on these results, two types of adaptation are proposed: (a) Level-based adapta-
tion that has a medium attack speed in level 2 and a low attack speed in levels 1 and 3; (b)
Player-based adaptation that dynamically changes attack speed based on a linear regres-
sion model identified in Experiment 1 (utilizing number of blocks and number of deaths
of players), with low attack speed for players who perform same or lower than the 67th
percentile of participants from Experiment 1 and medium attack speed for players who
perform better than the 67th percentile of participants from Experiment 1. The following
experiment aims to evaluate both of the proposed adaptations by comparing them to a

control group with no adaptation and a fixed medium attack speed.

5.4.1 Materials and Methods
5.4.1.1 Design

The experimental setup was the same as in Experiment 1, using The Flow Experience as
a test game with the same progression (tutorial level and same three experimental levels).
This time, musical tempo (set to 1x speed) and beat synchronization (turned on) were
not manipulated, only attack speed was manipulated between players. Attack speed was
manipulated differently based on three conditions: (a) the control condition was the same
as in Experiment 1, using a 1.0 multiplier for attack speed in every situation; (b) for
the context-based adaptation attack speed was multiplied by 0.5 in level 1 and 3 and by
1.0 in level 2; (c) for the player-based adaptation attack speed multiplier was based on a

linear regression formula which was clamped between 0.5 and 1.5, dynamically changing
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the difficulty through gameplay for every attack:

v = v; x max(0.5, min(—0.34 4 (0.034 * ny,) — (0.117 * ng), 1.5))

with v as the attack speed, v; as the original attack speed, ny as the number of blocks,
ng as the number of deaths. Participants were randomly assigned to one of the three
conditions and had no knowledge of the existence of other conditions or the nature of their
condition. Again, valence and arousal were measured as dependent variables through the
affect grid [61].

The general procedure was the same as in Experiment 1, with the same online setup
using itch.io. First, participants were asked to read an information form and give consent
to participation. They were able to review and modify the game controls and then start
the tutorial level that was used to explain and teach the mechanics. Players then played
through the same progression of the three experimental levels and measured their affective
valence and arousal through self-reporting before and after each level. Every participant
played through one of the three conditions (context-based adaptation, player-based adap-

tation, control), based on randomization.

5.4.1.2 Participants and Statistical Analysis

A total of 245 participants participated in Experiment 2, while the recruitment process was
kept the same. In order to test both group differences and level effects, participants who
withdrew during the study were excluded, reducing the final sample to 158 participants (100
female). The sample size was deemed appropriate following a power analysis, assuming a
medium effect size (0.6 SD) as found in Experiment 1 and a target statistical power of 0.95
(minimum sample 120), as well as considering the recommendation by Ferguson et al. [277],
with a target statistical power of 0.8 and a smallest effect size of interest of 0.41 SD, which
is argued to represent "practically" relevant effects for media data (minimum sample 156).
Participant age ranged between 18 and 45 years (M=23.25; SD= 7.69). 36% reported never
playing games, 15% reported playing monthly, 7% reported playing biweekly, 4% reported
playing weekly, 13% reported playing every few days, and 25% reported playing daily. After
removing incomplete cases, the data were used to first gather demographic information
about the sample. Analyses consisted of mixed ANOVAs with changes in valence and
arousal as the outcome variables, played experimental level as a within-subjects predictor,

and experimental condition as a between-subjects predictor. Follow-up t-tests were used

95



Chapter 5: Affect in Adaptive Systems: Creating "The Flow Experience"

to better describe differences. All analyses were again conducted in R.

5.4.1.3 Ethics Statement

As with Experiment 1, the experiment was conducted in accordance to the recommenda-
tions of the Physical Sciences Ethics Committee and the Ethics Committee of the Psychol-

ogy Department of the authors’ institution.

5.4.2 Results

The ANOVA on valence showed a significant effect of adaptation condition on valence
change (F'|2, 155] = 12.38; p < .001; 77]2) = .05). There were no differences for played level
as the within-subjects condition (F[2, 310] = 0.56; p = .57) and no interaction between
adaptation condition and played level (F'[4, 310] = 1.80; p = .13).

Condition Valence Change Arousal Change
N M SD M SD
Level 1 158 0.10 1.53 0.28 1.46
Level 2 158 -0.07 1.47 0.29 1.59
Level 3 158 -0.01 1.39 0.05 1.63
No adaptation 52 -0.38 1.47 0.11 1.38

Level-based adaptation 57 -0.09 1.53 0.28 1.71
Player-based adaptation 49  0.50 1.32 0.22 1.52

Table 5.2: Descriptive data for each experimental level and adaptation condition.

Follow-up t-tests revealed significantly higher valence for the player-based adaptation
(M = .50; SD = 1.32) against both the level-based adaptation (M = -0.09; SD = 1.53;
t[223] = 3.54; p < .001), and the control condition without adaptation (M = -0.38; SD =
1.47; t|251] = 4.84; p < .001). Cohen’s d for the difference between player-based adaptation
and level-based adaptation was larger than the pre-defined smallest effect size of interest
(Cohen’s d = 0.43; 95% CI|0.20, 0.65]), which was also the case for the difference between
player-based adaptation and control condition (Cohen’s d = 0.59; 95% CI]0.35, 0.83]). The
difference between level-based adaptation and control condition remained non-significant
(t[314] = 1.91; p = .06; Cohen’s d = .21).

There were no effects of adaptation condition on arousal (F'[2, 155 = 0.50; p = .61),

and also no effects of level for arousal (F'|2, 155] = 0.67; p = .51).
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Figure 5.6: Bar graphs of the effects on valence change. Error bars symbolize standard

error (SE).

5.5 General Discussion

In Experiment 1, multiple associations between in-game behaviours and emotion were
observed within the non-adaptive game, as well as an effect of enemy attack speed manip-
ulation on emotional valence. Based on these findings, two game adaptations manipulating
enemy attack speed were designed for Experiment 2: one using in-game behaviours as a
way to indicate emotional state and the second using the current level. These were tested
against the non-adaptive game version. The first adaptation showed a significantly higher
valence increase against both other conditions, providing evidence for the utility of this

approach.

5.5.1 Associations Between Game Characteristics and Player Emotion

Experiment 1 used a bespoke 2D arcade-style action game, "The Flow Experience", to test
associations between game materials (potential emotional output), player data (potential
emotional input) and a self-reported emotion measure. The Flow Experience was found to

have an influence on experienced valence and arousal and this influence was in turn at least
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partly dependent on certain design decisions (i.e. in-game level) and player abilities (i.e.
use of blocks and number of deaths). From a design standpoint, the emotional variables of
interest were the "gained valence", i.e. the change in experienced valence before and after
playing, as well as the change in experienced arousal. This measure was used to counter
conceptually problematic PX outcomes [268] and to serve as a validated psychological in-
strument to indicate continuous subjective affect [276] (also discussed as the subjective
feeling component of emotion in [29]). In fact, while many affect-adaptation studies argue
for the use of concepts such as flow [188], [194], [211], more and more arguments emerge
indicating doubt of the accuracy relating the concept. For example, Fong et al. [224]
collated evidence concerning the relationship between challenge, skill, and motivation and
found mixed results, while Jalife et al. [223| provided evidence of inconsistencies between
the prevalent concept of flow and current developments in cognitive science. Similar valid-
ity and reliability concerns have been reported for other PX constructs, such as enjoyment
or immersion [216], [217]. To avoid these concerns, this study provides some evidence of
the utility of self-report valence and arousal measures to research player experience. The
proposed process can however work with any validated subjective experience measure, as
long as it does not make mapping assumptions that are not fully researched (i.e. low phys-

iological arousal and valence mapped to sadness) in order to avoid wrong interpretations.

Using such an approach, the exploratory study yielded multiple relevant insights. Look-
ing at the effect of game levels, we observed a significant decrease in valence and arousal
after the tutorial (i.e. the beginning of the experimental levels) and no more main effects
between the levels, which indicates the emotion-eliciting effect of the game itself. Both
change in valence and change in arousal were related to in-game variables in The Flow
Experience, either uniquely (such as movement for arousal or number of blocks for va-
lence), or shared (such as the number of avoided attacks). Valence was more related to
game variables that might indicate player skills (such as number of deaths), providing more
evidence that game enjoyment is at least in some way related to the subjective experience
of perceived challenge, which fits with current views of self-determination theory as an
explanation of playing motivation [16]. According to the theory, one relevant basic psycho-
logical need that might explain video game motivation is perceived competence, which is
dependent on multiple factors. While this study does not measure perceived competence,
the found player data indicates that skill-related aspects of the game partly determine

valence, which is in line with self-determination theoretical assumptions [19]. Arousal on
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the other hand was related to movement, indicating that observable in-game behaviours
likely reflect emotional reactions (i.e. game data could indicate affective action tenden-
cies [57]). Arousal also generally decreased after the tutorial level, which fits the notion
of affective habituation, making familiar materials generally less arousing [278|. Through
the exploratory analysis, it was possible to identify potential variables of interest that are
related to valence increase. Such an approach is likely to be useful in exploring affective
relationships within games to gather more insights about how emotions can be elicited,
measured, or even understood as a psychological construct. The exploratory analyses
shown in this study provide just a small glimpse of what is possible to investigate emotions

in games and many more aspects could be utilized.

Regarding potential emotional output, the confirmatory analysis provided empirical
evidence for the influence of attack speed on valence change. Contradicting some of our
hypotheses, musical tempo and beat synchronization showed no effect on emotional re-
actions. While the means of valence and arousal change as seen in Table 5.1 show the
hypothesized trends, there was a large variance found across participants, leading to in-
conclusive results. Aljanaki et al. [279] conducted a large-scale study about game music
(N = 1778) and found that individual differences had an especially large influence on the
effect of emotion-elicitation by music, which could explain the found results. While this
study can not provide specific explanations for the effects, further specific hypotheses can
be developed following these findings. From a practical perspective, the lack of an effect
could mean that both musical tempo and beat synchronization may not be considered
appropriate candidate variables for adaptation, given the specifics of The Flow Experi-
ence. In any case, the null results hold no definitive answer, so further studies would be
necessary to identify context, users, and manipulation techniques to better explore the
effect of tempo and beat synchronization on player emotions. For feasibility reasons, the
further design process therefore only regarded attack speed as the manipulation variable

of interest.

More insights about the emotional relationship between the player and the game were
achieved by investigating the interactions between identified emotional input variables and
identified emotional output (attack speed) when explaining observed changes in valence.
Two interactions were observed that provided very specific indications of how the game
could be adapted to maximize positive valence. The first regarded the game context: In

level two the low and medium attack speed were associated with higher valence, compared
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to the high attack speed. In levels one and three, only the low attack speed was associated
with higher valence. This could indicate differences between the levels in regards to their
emotion elicitation and a potential adaptation could change the attack speed from levels
one and three to low and to medium for level two. Either way, the results indicated that
the high attack speed was too high for every level and that some emotional optimization
could be achieved with attack speed balancing in every level. The second interaction
regarded player data, Players who showed a high number of blocks and a low number of
deaths had the highest valence increase with the medium attack speed, while other players
had the highest valence increase with the low attack speed. The relationship between the
variables was quantifiable by a linear regression formula that predicted valence change
by the number of blocks and deaths. Using this formula, it was possible to differentiate
between players and achieve a dynamic difficulty adjustment (DDA) based on emotional
data. Affect-based DDA has been shown to benefit player performance [192] and self-
reported player experience facets [207], [262], based on a variety of emotion indicators,
such as physiology, facial expressions, and self-reports. Because this adaptation emerged
as a way to potentially increase valence based on the patterns found in this design process,
unknown relationships regarding challenge, skill, and player emotions were not necessary

to model to potentially achieve similar effects.

5.5.2 Adaptation Strategies Based On Emotional Information

Experiment 2 provided an evaluation study to test the effect of the two affect-based adap-
tation mechanisms identified in Experiment 1 against a control group. The player-based
adaptation outperformed both the control group and the in-game level-based adaptation
in terms of self-reported valence increase. No effect was found between in-game level-based
adaptation and the control group.

There are many potential reasons for the found pattern. The player-based adaptation
proved successful in enhancing valence compared to the control group and the in-game
level-based adaptation. The proposed system was tailored to the specifics of The Flow
Experience and made use of the best predictors for valence increase. This adaptation
therefore is unique for this game (i.e. taking the in-game context into account), but
works through adapting to individual differences. The improvement was level-independent
and exceeded the smallest effect size of interest for both comparisons. Again, there are

practical considerations when defining such a target effect size: The recommendations by
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Ferguson [277| for a medium-sized effect are based on the scientific need to make meaningful
distinctions between groups and conditions. With a large number of players, even smaller
effect sizes might become very relevant. The trade-off can be considered in regard to the
expense: In this case, the implementation of a simple adaptation was accomplished via a
single line of code which resulted in an immediate medium-sized effect. Depending on the
complexity of adaptation systems and game data analysis, as well as the size of the player
base, the smallest effect size of interest might be smaller or larger for a given project.
The methodological process presented here shows potential in solving some of the existing

problems in affective game design, especially in regard to conceptual uncertainties.

The level-based adaptation was chosen based on the results of Experiment 1 which
indicated different valence-ratings in level 2 compared to the other levels. However, there
was in fact no statistically significant difference between low and medium attack speed
for level 2 in Experiment 1. It might be the case that a similar attack speed pattern
was preferred in all levels all along, with a larger range of enjoyable attack speeds for
level 2. The null results provide in any case practical guidelines: The in-game level-based
adaptation represented a non-significant game balancing effort based on primary affective
data. Balancing can be seen as an important consideration for any type of game, but
strategies and mechanisms to balance have many implications [280]. It can be reasonably
assumed that in the case of The Flow Experience, the game level was not a relevant factor

in our aim to increase player valence.

While there are many player experience studies that mirror a similar approach to val-
idate affective games (e.g. [194], [195], [262]), there are as of yet no standards and many
studies reporting affective games are difficult to compare due to their fundamentally differ-
ent approaches (e.g. [187], [192], [199], [205], [206]). Ewing et al. [195] proposed a similar
2-step experimental setup to ensure the validity of game material by explicitly testing the
emotional evocative nature of Tetris. Similarly, Lui et al. [204] first created an emotional
model following Pacman sessions and then used this information to successfully build an
emotion-adaptive game. However, both of these studies integrated multiple physiological
measures that are often expensive and hard to implement for game designers. Our results
support this notion that a 2-step process can successfully create an enjoyable adaptive
game experience by only using subjective affect data that is easy to assess and robust
in its reflection of relevant aspects of player experience. It also adheres to the standards

illustrated in Chapter 4, showcasing the utility of following such standards in a way that
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would make affective game research more comparable and easy to follow.

This approach can solve conceptual problems, but it makes practical operations neces-
sary, i.e. the determination of statistical relationships between emotions and game charac-
teristics. Emotions can not fully be measured, only certain characteristics can be measured
that have an unknown mapping to emotions [32]. While certain methodological approaches
are well researched (such as the use of physiological arousal measured through heart rate
or skin conductance and its connection to fear [252]), these are still being influenced by
factors such as context and individual differences. Furthermore, some emotions that are
interesting from a game design perspective (such as nostalgia, shame, or melancholy) have
no known associations with any objectively measured instrument, but should still be used
for research and design purposes. To overcome these problems, games can test emotional
relationships themselves and identify influences of certain contexts or individual differences,

thereby allowing for empirically based design for any emotion.

5.6 Conclusion

The aim of this chapter was to provide a real and practical example of the applied emotion
design framework, to on the one hand evaluate it as a theoretical and methodological tool
and on the other hand add to the body of work researching affect-adaptive video games,
while adhering to rigorous methodological standards. A lot of care went into the study
design to mitigate risks identified by the analyzed studies in Chapter 3 and offer a clear
and hands-on example to integrate the robust methods of the emotion design framework
(Chapter 4) into the development and research cycle of a video game.

Overall, the two-step evaluation provided empirical evidence suggesting the practicality
of this approach. The resulting adaptation mechanisms not only fit well with the body of
existing research (specifically concerning dynamic difficulty adjustments) but were success-
ful in reaching a target emotion goal. In comparison to other work in the field, this study
reaffirms that applied standards could provide more unified, comparable, and replicable
studies to possibly in the future understand more about the effect of affect-adaptive video
games. As it stands, this chapter adds to the notion that adaptive emotional experiences
are a promising direction for game designers and researchers, not only to create new and
bespoke experiences but also potentially to research fundamental theories of emotion.

It has to be acknowledged however that this is one piece of evidence, applying the emo-

tion design framework to a very focused and simple example. Ideally, the framework should
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be helpful not only to building affect-adaptation mechanisms but also to understanding the
affective player-game interaction for any game and making use of the proposed principles

beyond automatic adaptation systems.
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Chapter 6

A Case for Emotional Output

"A child does not catch a gold fish in water at the
first trial, however good his eyes may be, and
however clear the water; knowledge and method are
necessary to enable him to take what is actually

before his eyes and under his hand."

— Harriet Martineau, How to Observe Morals and

Manners [281]

Until this point, effort was put into clearing up theoretical misconceptions and poten-
tially flawed practices in designing affect-adaptive games, as they are typically understood
as "affective games". However, as described in Chapter 4, affective games can also be
understood as any game that makes explicit assumptions about the affective relationship
between a player and a game. Indeed, looking at games from such a perspective, it becomes
clear that every game involves some kind of emotional relationship with its players. This
also means that the concepts and methods that have been the subject of this thesis can be

applied to all kinds of research concerning video games and their affective nature.

For example, one interesting use case is the analysis of human behaviour given an
expectation of emotional experiences when playing a certain type of game. There is no
doubt that emotions play an important role in human behaviour and while theoretical
perspectives might argue about the precise nature of this role, it is generally agreed upon
that emotions include behavioural components [28], [29]. Not only do emotions themselves
lead to certain behavioural patterns, but people also make choices and show behaviours
based on their expectation of the emotion they will experience [36]. This is of course no

surprise - we watch sad movies because they are sad, not despite the fact [282]. This is no
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different from our choice of video games: If we want to experience relaxation, we might
play games marketed as "relaxing" or "cosy" that include calming music, graphics, and
gameplay tasks [283|. Based on this train of thought, it is very easy to imagine that many
people would make the conscious choice to seek out games associated with relaxation when
in a state of stress. Or - to put it into the words of the Emotion Design framework - games
that feature relaxing emotional output may be more sought after when people experience

stress.

Such an assumption is based on quite an extensive body of research. People are very
willing to play video games as a medium to relieve stress [284] or even argue stress relief
as a main motivator to play games [285]. With a whole genre of games marketed as
"relaxation games" or "cosy games" [286], there might also be no doubt about the specific
nature of stress-relieving emotional output. However, as repeatedly shown in this thesis
up to this point, making assumptions about affective relationships between players and
games, without taking context and individual differences into consideration, may pose risks.
According to the Emotion Design framework, we cannot assume universal associations
between any type of emotional output and subjective experience. The main aim of the
"testing phase" described in Chapter 4 and Chapter 5 was to establish the given statistical
relationships first and based on the results inform design decisions. In order to not make
inaccurate conclusions, it is necessary to assume that affective interactions between a game
and a player are not universal and specific statistical associations are potentially unknown,

as shown in Fig 6.1.

As a consequence, the previously made simple and obvious hypothesis becomes an
interesting showcase of these core principles of the Emotion Design framework. According
to the framework, we cannot assume that a dark and moody virtual room will inflict
universal fear and in the same light, we cannot assume that cosy games are inherently
associated with the actual experience of relaxation. Not only is the previously made
hypothesis a question worth testing, but the process of testing it may uncover additional
insights about the nature of the emotional player-game interaction and by extension the
nature of human experience. The following study therefore represents an exemplary case
of applying the Emotion Design framework to higher order questions, unrelated to the
actual affect-adaptation in video games, but rather targeted at answering more general
questions about human behaviour and emotions when interacting with video games of a

specific nature. To achieve this, the following section will describe a study examining the
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Figure 6.1: Illustration of the emotional output testing phase of the Emotion Design
Framework. The core assumption of the framework is that the statistical relationship
between game material and experience is dependent on context and individual differences
and needs empirical testing. Assumptions about this relationship might lead to misguided

conclusions.

demand for relaxing gaming experiences during the COVID-19 pandemic as a particularly
stressful time, using relaxation-related emotional output descriptors in the form of Steam

tags.

6.1 Background

In 2020, the COVID-19 pandemic had an infection rate of over 60 million cases [287],
making it a global health crisis with many implications for mental health and psychological
wellbeing. These are seen as a result not only of a direct infection with the virus, but
rather overall social and personal difficulties arising from the crisis, such as financial losses,
uncertainty about the future, and public health measures like social distancing and contact
restrictions. Common mental health problems following the COVID-19 pandemic are often
of an affective nature and include symptoms of anxiety, depression, and stress [288]-[290].

For example, Salari et al. conducted a meta-analysis involving 9,000 participants across
multiple countries and found a stress prevalence of nearly 30% in the general population.
Xiong et al. [290] similarly found many affective problems across America, Europe, and
Asia connected to the pandemic, including increased rates of post-traumatic stress disorder
(PTSD) and stress.

The adverse effects of stress on mental health have long been known, and there are many

examples in the literature that describe the consequences of stress-inducing life events on
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health and emotional well-being. Stress have been associated with pathological symptoms
of depression [291], [292], anxiety disorders [293], [294], and even schizophrenia [295]. Con-
sidered from a different perspective, stress has also been shown to impact psychological

well-being negatively, reducing life satisfaction [296], and happiness [297].

These developments are based both on biological [298]-[300] and psychological [301],
[302] processes and represent a key topic of interest for the involvement of emotions in

mental health.

Because of its strong associations with mental health, researching stress within the
emotion-player relationship in video games might uncover potential benefits of further de-
veloping and researching affective games. Games already show strong potential in improv-
ing mental health through their effects on stress: For example, Russoniello et al. showed
that casual video games (such as pinball) can reduce physical stress responses [303]; while
Holmes et al. [304], [305] and Iyadurai et al. [306] provided empirical evidence for the po-
tential of Tetris to reduce flashbacks in PTSD patients. Furthermore, many studies have
been conducted that report general stress relief following the use of video games, with

implications for improved mental health measures [25], [26].

Not only has it been shown that video games can relieve stress, it has also been re-
peatedly reported that people actively choose to engage with video games to recover from
stressful situations [283], [284], even citing stress relief as a main motivation to play in the
case of middle-aged adults [285]. This effect seems to be even more accentuated than the
stress-relieving effect of other leisure activities, especially of passive media consumption
[307]. Games that have "relaxing" effects (i.e. games with emotional output assumed to be
connected to relaxation) are often marketed as such and consequently sought after. On the
popular Steam platform for example, "relaxing" is one of the most popular tags, yielding
over 2,800 game results in the Steam Store. These tags both represent attributes that are
used by the developers to market a game and game characteristics identified by the player
base, making them a potentially valuable descriptive attribute together with game genres

in modern video game distribution platforms.

With the disruptions of everyday life activities during the COVID-19 pandemic and the
pandemic itself constituting a major source of stress [289], [290|, it seems quite believable
that affect regulating aspects of video games become even more pronounced during lock-
down. In fact, there are many reports indicating reduced physical activity and increased

screen time in university students in the US [308] and Italy [309], adults in the US [310]
108



6.2 Materials and Methods

and India [311], as well as the general population in China [312], [313].

To summarize, it does not seem like a surprising assumption that people did in fact
play more games (and especially games connected to relaxation) during the COVID-19
pandemic and therefore inherently facilitate the reduction of stress - at least in theory.
But as previously discussed, this theory only holds true if we make the assumption of
universal stress-relieving effects, given a certain type of emotional output. In terms of
aesthetics, much effort has been made to systematically describe "cosiness" in games as an
inherent attribute and how this attribute can explain psychological, physiological, and even
societal developments [286]. To test if we can make such an assumption, given the context
of the COVID-19 pandemic, the following study investigates the demand for relaxing video
games during the COVID-19 pandemic by analysing Steam player data. To put it into a
clear hypothesis: The peak number of daily players averaged over the time period March
to November 2020 increased compared to the same time period in 2019 and significantly

more so for "relaxing games" than any other type of game.

6.2 Materials and Methods

6.2.1 Dataset and Preprocessing

The study hypothesis and the analysis plan were preregistered on OSF (details can be
found in [314]).

To operationalise a given game’s demand, average daily player peaks (ADPPs) have
been used as a measure of popularity for the time period of a day. The data set used
includes excessive data from Steam, the largest online game distribution service for PC
games with over 90 million monthly active users and 20 billion hours of gameplay in the
observed time span [315], [316]. The data was obtained from SteamDB, an independent
information service, accumulating data directly from the Steam API, including data about
game followers, reviews, playtime, and concurrent players for every day and every game
available on Steam.

The harvested data set initially contained records from 4,648 of the most played games
on Steam. Information was collected about the name, developer, release date, and ADPP
for each month since the release of each game. ADPPs were calculated for the time
period March to November 2019 (pre-COVID-19 period) and for March to November 2020

(COVID-19 period). Because the COVID-19 pandemic developed differently over the world
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and the study was conducted in December 2020, the pandemic period was defined as March
to November 2020, based on reports indicating stress-related effects at the beginning of
March [288]-[290] and the public considerations of stress-related concerns made by the
World Health Organization [317].

Games that included missing values in ADPPs for any of the months in the observed
time periods were eliminated beforehand, resulting in a sample of 4,147 games. Further-
more, games were only included in the next step if they were released before February 15,
2019, to ensure that each game had sufficient time to be available on the store to not skew
ADPPs towards newly released games. This resulted in a reduction of the sample to 2,929
games. Finally, games with an average player peak of less than 3 players per day for the

2019 time period were excluded, resulting in 2,379 remaining games.

The game sample was then coded according to pre-defined coding criteria on a more
detailed level. All games were coded in regards to their application type, as only games
were to be included and no demos or other utility software. The games were assigned to the
test group rather than the control group if they contained the steam tag "relaxing" and an
analysis of the trailer, game description, and other tags did not lead to the conclusion that
the game is not primarily relaxing. To fulfil the second condition, a game must not have
contained any of the following: (a) Conflicting mood tags (such as "funny" or "emotional")
with a higher priority than relaxing to ensure the primary emotional target experience was
seen as relaxation and not sadness, melancholy, excitement, or humour. (b) Action-heavy
and intense gameplay that shows clear signs of stress-inducing design characteristics (such
as war-themed first-person shooters) as a primary experience characterisation of the game.
(¢) A main focus is on horror, sexual or mature content, or other characteristics that
conflict with the relaxation aspects of the game. This process was conducted by both
main researchers (see [3] for more details) and regularly checked for inter-coder agreement
with further discussion on uncertain cases to prioritize games with a "cosy aesthetic" [286].
These efforts were made to compile a list of games that are primarily considered relaxing
through their primary game loop and audiovisual presentation and not a list of games that

are considered relaxing, even though the primary target experience is different.

Following this procedure, 143 games were identified for the test group (i.e. relaxing
games) and 2,124 were assigned to the control group. Extreme outliers with more than 7
standard deviations from the mean in terms of ADPPs were further removed, leading to

2,216 games in total (138 relaxing games).
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Figure 6.2: Flow diagram of the number of games screened and included in the study.

Finally, matching procedures were applied to enable further statistical analysis. Be-
cause the pool of relaxing games and control games were naturally different, a matching
procedure was conducted to reduce covariate imbalance and therefore confounding fac-
tors. Pre-processes matched data is reported to produce more robust inferences tied to
fewer assumptions, adjusting the samples based on a shared covariate [318]. The chosen
covariate was the ADPP value in the pre-COVID-19 period (March to November 2019)
as a shared starting point to observe changes for the COVID-19 period. Matching was
achieved using a greedy nearest neighbour algorithm. In this method, each test unit is
assigned one control unit based on the smallest distance in propensity scores between both

units. Greedy matching was chosen as it takes the closest match for each value in the test
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group, which has been shown to perform very efficiently with datasets containing a large
pool of control units to choose from [319], [320]. The matching procedure led to a final
dataset of 138 games in each control group and test group. A detailed overview of the
selection process can be seen in Fig 6.2. A preliminary power analysis uncovered the need
of 210 participants to reveal a medium-sized effect with a power of 1 - 3 = 0.95. Because
non-experimental data needs generally more conservative analyses, the final sample size of

276 was deemed appropriate to reveal a medium-sized effect.

6.2.2 Analysis

Data analysis was performed with the statistical computing software R. Both parametric
and non-parametric analyses of variance were considered for the current dataset. Due to
the violation of assumptions of parametric tests (e.g., ANCOVA, or change value ANOVA),

non-parametric alternatives such as Quade’s test and Wilcoxon signed-rank test were used.

6.2.3 Ethics Statement

Written consent was granted after reviewing the methods of our study by the Physical
Sciences Ethics Committee of the University of York in a fast-track procedure. The full
statement states: The researchers have taken all reasonable steps to ensure ethical practice
in this study and I can identify no significant ethical implications requiring a full ethics
application submission to the Physical Sciences Ethics Committee. I have checked and
approved all supporting documents required for this application. I understand that com-
pletion of this form indicates that from an ethical point of view, I am willing to share

responsibility for the work being conducted.

6.3 Results

138 games in the relaxing group were matched by the covariate (average daily players for
2019) with 2,077 games in the control group using the Matchlt package [321] in R. The
final sample consisted of 276 games with 138 games in each group. Descriptive data re-
garding release years and game genres can be found in Table 6.1 and Table 6.3. Mean
propensity scores for relaxing (M = 0.06) and control (M = 0.06) groups showed a stan-
dardized average mean difference of 0 and a maximal distance of 0.01. Fig 6.4 shows a

visualization of the propensity scores for the matched and unmatched units. The mean
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covariate value was M = 226.19 for the relaxing group, and M = 226.19 for the matched
control group. A complete overview of descriptive statistics can be viewed in Table 6.4.
Overall, nearest neighbour matching [322] resulted in a well-balanced dataset in regards to
covariate similarity (see Fig 6.3 for the empirical quantile-quantile plot). However, due to
the nature of the data acquisition, the distribution of the covariate was skewed for both
groups.
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Figure 6.3: Empirical quantile-quantile plot of the covariate. Depicted are the quantiles of
the covariate (ADPPs 2019) for the relaxing and control group before and after matching.

Small distances between sample points and the diagonal indicate close similarity.

Group 2008 [ 2009 | 2010 | 2011 | 2012 | 2013
Relaxing | 1 0 2 1 2 9
Control 1 1 5 8 1 8
Total 2 1 7 9 3 17

Table 6.1: Release years of games in the relaxing group and control group (2008-2013).

Group 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Relaxing | 14 18 19 29 36 7
Control 15 14 17 36 30 2
Total 29 32 36 65 66 9

Table 6.2: Release years of games in the relaxing group and control group (2013-2019).

To test whether relaxing games and control games showed a similar expected ADPP
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Figure 6.4: Propensity scores of matched and unmatched samples. Relaxing games are the

treated units and control games are the control units.

Genre Relazing | Control
Action 1 91
Adventure 31 11
Casual 35 9
Horror 0 )
Puzzle 10 0
Racing 1 1
RolePlayingGame 8
Simulation 46 3
Sports 2 3
Strategy 7 7
Total 138 138

Table 6.3: Genres of games for the relaxing group and the matched control group.

progression based on time preceding the pandemic (2015-2019), a preliminary linear regres-
sion analysis was conducted, predicting ADPP by time and group. There was no significant
main effect for time (¢[752] = 1.67, p = .10) and no interaction effect between time and
group (t[752] = 0.55, p = .58). A graph of the progression of ADPPs over time by group
can be viewed in Appendix A.1.

Preliminary tests of ANCOVA assumptions using scatterplots showed a sufficient lin-
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2019 2020

Groups N M SD M SD
Relaxing | 138 | 226.19 | 612.16 | 246.54 | 652.76
Control | 138 | 226.19 | 657.38 | 240.43 | 657.39
Total 276 | 226.19 | 611.26 | 243.49 | 653.89

Table 6.4: Sample size (N), mean (M) and standard deviation (SD) for the ADPPs in 2019
and 2020 by groups.

ear relationship between the independent variable (average daily players for 2020) and
the covariate (see Fig 6.5). Regression slopes for both groups were parallel, pointing to-
wards homogeneity, which was tested using a two-way ANOVA for the interaction between

covariate and group (F|[1, 272| = 0.05, p = .82).

Results showed no indication of an interaction, so homogeneity of regression slopes
was assumed. Just like for the covariate, distributions of the dependent variable and its
residuals were highly skewed, which violates not only basic assumptions for ANCOVA but
for a potential change value ANOVA, which is commonly used as an alternative to present
average treatment effects on treated (ATTs), i.e. in this case the gain of average daily

players of the relaxing games group specifically between 2019 and 2020.

It was therefore decided to explore the overall time effect and the ATT using more
robust non-parametric methods that are not distribution dependent. First, the overall
time effect (the increase in ADPPs for both groups combined between 2019 and 2020) was
calculated using a Wilcoxon signed-rank test [323|. The test showed a significant difference
between 2019 and 2020 (Z = 4.70, p < .01). So, between March 2020 and October 2020,
a significantly higher daily average peak per game was observed than for the same period
in 2019. Mean ADPPs increased from M = 226.19 in 2019 to M = 243.49 in 2020 (see
Table 6.4 for more information). Effect size was calculated to quantify the interpretation
of the effect after Rosenthal [324]. Using Cohen’s criteria [325], the calculated effect size

(r = 0.20) can be considered a medium-sized effect.

To test if this increase was even larger for the relaxing games compared to the control
games, the ATT was calculated using Quades’s rank analysis of covariance [326]. This
method utilises the residuals of the regression of ranked dependent variables and ranked
covariates, rather than the non-normal distributed variables themselves. Results showed no
significant group effect (F[1, 67] = 0.05, p = .88), meaning the ATT was not significantly
different from the average treatment effects on the control group. In other words: No

significant difference of average daily player increase was observed between the relaxing
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Figure 6.5: Scatterplot of the relation between ADPPs in 2019 and ADPPs in 2020 by

groups. Scales have been log-transformed for clearer data presentation.

game group and the control group. A boxplot visualising the group differences can be seen

in Fig 6.6.

6.4 Discussion

To examine the increase in demand for video games associated with relaxation during the
COVID-19 pandemic, relaxing games and matched non-relaxing games have been compared
in regards to their average daily player peaks for the periods of March to October in
2019 and 2020 respectively. Results revealed a medium-sized increase of ADPPs over both
groups for the COVID-19 period compared to the pre-COVID-19 period, but no significant
differences between both groups regarding this increase.

While the experiment uncovered an overall increase in ADPPs, there was no evidence to
support the special role of games associated with the "relaxation" tag during the pandemic.
There are various implications for these findings regarding affective classifications of game

material (i.e. emotional output according to the Emotion Design framework) and its
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Figure 6.6: Boxplots of the differences in ADPPs in 2020 by groups. Scales have been

log-transformed for clearer data presentation.

implications for observed behaviour within the affective player-game interaction.

6.4.1 The Role of Relaxing Games in Increased Daily Player Peaks

The COVID-19 pandemic has had vast influences on people’s everyday behaviour and
the presented increase of ADPPs in the current study mirrors the current findings in the
literature, including the findings of the increase of screen time all over the world (e.g. [308]-
[312]). During the months of lockdown, availability for outdoor activities was very limited
and digital alternatives, including video games, have experienced a rise in popularity. In
fact, there is no reason to doubt an overall increase in digital activities, but there is
disagreement regarding the reasons and consequences of these behaviours, specifically for
video games.

Just as there is not much doubt about the behavioural changes that resulted from
the pandemic, the literature provides a huge amount of convincing evidence regarding the
changes relating to mental health, specifically psychological stress [288]-[290]. Multiple

studies associated COVID-19-related increased screen time and decreased physical activity
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with mental health problems (e.g. [327], [328]). The pandemic itself and the consequences
of the lockdowns on peoples’ lifestyles have been identified as risk factors for psychological
problems. However, more and more recent studies provide arguments that link the role of
video games in specific not to a mental health danger, but to mental health improvement
and protections against such risk factors (e.g. [25], [303], [304]). It further seems that
people are more and more drawn to video games as a way to actively recuperate from

stressful events [283], [285].

While the present findings do not hold any information about why people play more
during the pandemic, the increased numbers of daily players across all games do not con-
tradict this particular view. It is however important to note that this overall increase might
not be related to COVID-19 but rather represent a naturally expected increase of ADPPs
independent from the pandemic, but possibly related to factors such as reduced cost or
increased accessibility of technology. As Appendix A.1 shows, ADPP peaks for most games
seem to lie in 2018 with a big decrease in ADPPs for all games between 2018 and 2019. It is
very much possible that the pandemic affected this trajectory from 2019 onwards, inverting
this trend. The overall effect may however not be as significant as it seems considering the
the overall variation in ADPPs over time and the unexplained decrease of ADPPs after
2018, which might represent multiple reasons, such as a natural decrease in interest after
a few years post-release. In any case, the data does not allow for conclusive attribution
of observed trends. Not only is it questionable to assume the pandemic had a large effect
on the player increase, but the presented data shows no support for the assumption that
people would play even more games associated with relaxation to cope with the stress

caused by the pandemic.

Looking at player demand, there seems to be no significant difference between "relax-
ing" or "cosy" games and any other type of game. The natural conclusion to make is that
our presented collection of relaxing games does not represent an objective list of relaxing
games - or to put in other words - games commonly associated with relaxation (by both
developers and players) may not have a universal association with the actual subjective
emotional response of relaxation. This study was carefully conducted with objective crite-
ria and replicability in mind and can therefore stand as an indication that we are in need
of a broader discussion about what a "relaxing game" is in a scientific context. As can
be seen in Table 6.3, the test game group included a specific type of game, representing

genres such as simulation, adventure, and casual games - in recent years often described
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as "cosy" [286]. These are games that are categorized by the players as relaxing but are
not necessarily correlated with the actual experience of relaxation. The current results
therefore represent the core principles of the Emotion Design framework (see Fig 6.1): The
actual experience of relaxation given a certain type of emotional output is highly dependent
on individual differences and context. Playing "relaxing" games means different things for
different people in different circumstances. Furthermore, this finding might also represent a
disconnect between game labels and the actual affective phenomena these labels are based
on - speaking in a broader sense of emotional experience in general. This disconnect is
very naturally bound to the conceptual uncertainties regarding emotions (and most affec-
tive phenomena for that matter) and the differences in viewing and describing emotions
between psychologists, designers, computer scientists, game publishers, players, and other

subgroups of the general public.

6.4.2 Means of Relaxation

It would be a fallacy to assume that the presented findings provide evidence against the
stress-relieving effects of video games. But rather instead of seeing relaxation as a uni-
versal game characteristic, the actual experience of relaxation emerges from an interaction
between a game and a player. What is labelled as "relaxing" by a general population might
not hold much weight, seeing that emotions are inherently subjective. A wide variety of
individual differences regarding physiological stress responses have been reported [329] and
emotion regulation technique effectiveness is also known to be highly dependent on indi-
vidual differences [330], [331]. Game elements that consistently fall under the description
of "relaxing" might therefore not mirror what individual people find relaxing and seek out.

One source of confusion could be the amount of mostly violent action games in the
control group (see Table 6.3), which could be thought to cause stress, rather than reduce
it (e.g. [332], [333]). One explanation for why this might not be the case is the complexity
of games itself. Given all games have so many factors and elements connected to them,
it may hardly be possible to relate one experience to one game. For example, many very
violate games integrate some form of social interaction, which has been identified as an
important factor moderating positive effects of video games on mental health [334], [335].
In fact, social interactions have consistently been shown to be an important buffer against
the negative impacts of stress (e.g. [336]), which also relates to social components within

otherwise violent video games. Given the number of potential moderators on the effect
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between video games and emotional response, it may not be surprising that some explicitly
violent games seem to show similar trends to explicitly relaxing games.

Still, on a more fundamental level, many researchers argue that specific game elements
do not completely account for the observed experience in a universal way. More recent
research has been conducted that demonstrates the importance of individual differences in
response to violent games (e.g. [335], [337]) and even sheds light on important elements
with a positive relation to mental health. For example, Collins and Cox [334] found that
action games and shooters have the largest effect on after-work recovery than any other
genre. What therefore constitutes as an emotional output connected to the actual experi-
ence of relaxation might not follow "relaxing" or "cosy" aesthetics. For some people, games
connected to actual relaxation can consist of quite contrary characteristics. Maroney et
al. [338| argue that all types of games provide means to reduce negative states, depending
on individual stress-coping mechanisms, and that social interactions could be understood
as mediators for these individual effects. Again, the evidence points towards the impor-
tance of individual and contextual differences when experiencing emotions and therefore -
in line with the Emotion Design framework - the importance of explicit testing of assump-
tions regarding affective associations between game material (emotional output) and actual
emotional response. As previously discussed, affect proves to be complex, ambiguous, and
non-universal - as it has been described by modern psychologists for years [28], [36], [37].
This study can therefore be seen as a supporting argument for the need for the Emotion
Design framework as a way to accurately illustrate affective game-player interactions and
a guide to robustly provide affective experiences within video games.

In many current studies, a high emphasis is put on how specific games with relaxing
elements could be associated with well-being. Specifically games like Animal Crossing:
New Horizons have been used as an example of the possible effects of video games during
the pandemic [339], [340]. While this study does not necessarily invalidate this approach,
it might be worthwhile to expand the research to include all kinds of games, game ele-
ments, styles, and genres and look at their interactions with individuals to elicitate actual

emotions, as described in Chapter 4.2.

6.4.2.1 Limitations and Future Directions

Some limitations have to be considered that emerged as a consequence of the study design.

As no randomization was possible and a quasi-experimental design was chosen, it might be
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the case that a naturally lower statistical power could have influenced the reported results.
Measures like the reported effect size of the overall ADPP increase must be interpreted
with caution, as these could behave differently (and often more conservatively) than the
respective measures for parametric tests. The limited sample size also limits the probability
of revealing very small effect sizes that still could be relevant for data containing video game
players all over the world. To have a more precise picture of the discussed effect, a large-
scale experimental study would be appropriate, although the informational gain might not
be worth the effort. Another characteristic of this study is the restriction to Steam and
a certain player base. Steam is only a part of the whole video game industry and does
not reflect players on consoles or mobile devices. Because relaxing games were limited in
ADPPs and controls were matched, most of the most popular games with hundreds of
thousands of daily players had to be excluded. As a result, this study provides insights
about a specific type of game for a specific platform. It does not reflect differences in types
of players, which could also be an interesting topic for further examination. Methodological
limitations are however a consequence of this data-driven approach, which is essential to
explicitly test affective associations. Despite limitations, it stands as an example of the
knowledge gained when conducting empirical studies - even for seemingly obvious theories.
It would be misguided to conclude that the demand for relaxing games is currently equal to
the demand for non-relaxing games. Instead, the results should be interpreted in regards
to their informational value when it comes to the gaps that are currently present when
talking about affect-elicitating game elements and an example of applying the Emotion

Design model to an empirical study to further our knowledge of human affect.

6.5 Conclusion

The Emotion Design framework can be seen as a guide to developing affect-adaptive video
games, but also provides theoretical lenses to understand affective phenomena in user-
centered software. This chapter provided an empirical experiment investigating a real-
world phenomenon (i.e. player behaviour during the COVID-19 pandemic) through the
concept of emotional output. Understanding emotional output as game stimuli with the
potential to elicit emotional reactions for a certain type of player in a certain context can
help understand behavioural patterns in large parts of society. It is not enough to assume a
game or game characteristic is relaxing - the label itself only derives meaning if the actual

affect is experienced by the players.
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Chapter 7

A Case for Emotional Input

"Practically speaking, then, there is no “gold

standard” measure of emotional responding.”

— Iris Mauss & Michael Robinson, [32]

Chapter 6 discussed the concept of emotional output and how this label in the context of
the Emotion Design framework can help explain certain observations regarding the affective
game-player interaction. This is true for various kinds of games that are not traditionally
seen as "affective games" [46] as they do not necessarily concern themselves with adaptation
on primary emotional data. Still, the theoretical and methodological barriers thoroughly
discussed in Chapter 3 also apply to games that process user emotions. Emotional input as
a concept relates to player information that could be used to infer affective states. Crucially,
there is no one-to-one mapping between a certain measure and an emotional state [32] so
similarly to emotional output, emotional input represents context-specific information that
differs between individuals. The following chapter demonstrates the usefulness of such a

conceptualisation in explaining emotional phenomena observed in real game scenarios.

As Fig 7.1 shows, game systems might have access to a variety of potential user infor-
mation, such as user input, their in-game abilities and progressions, and even something
like traits or psycho-physiological measures. Many studies have argued that especially
biofeedback instruments are successful tools to model player emotion [40] and consequently
provide sufficient information for a game system to adapt. When looking however closely
at real video game adaptation, as shown in Chapter 3.3, we can observe that emotions are
modelled and measured with a variety of different instruments for a variety of different

games - often making specific assumptions about how certain outcomes relate to affective
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states. For example, I found that many studies used similar physiological measures (such
as HR and EDA) to assess vastly different emotional states relating to both dimensional
and distinct underlying structures. There is a substantial body of research demonstrating
the utility of such instruments to assess affective information [252]. In the context of the
Emotion Design framework (see Chapter 4.1.3) it is important to view this information as
dependent on context and individual differences. In other words, it becomes necessary to
test the predictive power of a given instrument for a specific target emotional state with

these possible influences in mind.

Emotional Input

Experience
measures

unknown relationships

Player traits
Context

Progressional information

Indirect measures

Direct measures

Figure 7.1: Illustration of the emotional input testing phase of the Emotion Design Frame-
work. It is assumed that as with the emotional output, relationships between player input
(gameplay, physiology, movement, etc.) and subjective affect are dependent on context

and individual differences.

The Emotion Design framework guides the process of testing both the statistical re-
lationship between emotional output and target emotion and emotional input and target
emotion. The ultimate aim is a validated closed loop: The emotional output influences
player emotions that we can measure within the game through emotional input, which in
turn can be used to change the emotional output, and so on. Affective information used in
this loop needs to be clear and tested, as was shown throughout this thesis. The Emotion
Design framework can be a useful tool to achieve this.

For example, the affective valence of players through an immersive virtual reality game
is, according to the framework, at least partly dependent on the player and their cir-
cumstances. In this chapter, this scenario is explicitly tested by modelling the affective
journeys of players of two distinct groups: A group consisting of sleep-deprived players and
a sleep-rested control group. Sleep deprivation has been related to differences in anxiety

expression [341], while being a purely circumstantial and temporary characteristic of cer-
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tain players in this experiment. Any studies assuming objective, fixed pathways between
measurement instruments and observed emotions (see Chapter 3.3.2 for examples) might
assume a difference between these groups in terms of affective measurements, but no dif-
ference between these groups in terms of the predictive power of certain instruments. But
if not just the emotions of players change depending on their level of sleep but also the
statistical relationship between measures and observed emotions, this assumption would
be wrong and further demonstrate the need of a more robust conceptualization as provided
by the Emotion Design framework.

This chapter uses a fully immersive virtual reality horror world based on the Underwood
Project by McCall et al. [342]. The virtual world represents a dark interior structure full
of rooms with anxiety-associated stimuli, connected through narrow pathways. Players
assumed a first-person perspective and moved around the world, while multiple measures
were used to assess their affective state, including physiological measures (heart rates and
electrodermal activity) and position measures (position and rotation of hands and head).
The VR horror world and data gathering was conducted as part of a previous study on
sleep deprivation [343]. The present study made use of that data to perform a novel set
of analyses to test contextual influences of predictive emotion models. The participant’s
affective journeys throughout the game was modelled based on self-reported valence as an
outcome. The main hypothesis of this study was that the predictive model (i.e. the linear
regression between measures and outcome) would be different between the sleep-deprived

and sleep-rested groups.

7.1 Background

Sleep deprivation can be seen as an individual circumstance with a potential impact on af-
fective reactions. For example, state anxiety, as a form of short-term affective apprehension
and nervousness reactions to triggering events [344], has been shown to be influenced by
sleep deprivation compared to full-night sleep rest [341], [345]. In a recent study by Sulli-
van [346] these findings were again expanded by showing that sleep deprivation led to both
heightened subjective anxiety and physiological anxiety reactions (measured through HR
and EDA) during a VR horror game experience involving ambiguous threats (i.e. threats
of unclear nature [342]).

These findings showcase that sleep deprivation has a significant impact on how emo-

tions - specifically anxiety - are expressed and experienced. This again reinforces the notion
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that individual differences and context are important factors when it comes to explaining
emotion elicitation and expressions in individuals. While this alone has important implica-
tions for affective video games, it is not yet clear if these factors also influence how affective
reactions can be predicted. As shown throughout this work, there is no objective measure
of emotion [32], but affective video games still make use of various instruments (includ-
ing biofeedback instruments [40]) to model players’ emotional journeys throughout games.
In the context of the emotion design framework [2], this can be seen as emotional input.
This concept was introduced to both label measurement instruments in a useful way to
describe their role in the affective feedback loop when developing games and to underline
the importance of validating these instruments given a target experience, specific game,
and target audience.

Not all affective games validate these measures [1], potentially because of the previous
lack of methodological standards and theoretical clarity. But if player characteristics - such
as sleep deprivation - could influence not only emotional reactions but also the statistical
relationship between predictors and outcome emotional reactions, the need for such valida-
tion efforts would become even more evident. To test this hypothesis, this study expands
the study by Sullivan [346| by testing if a sleep deprivation vs. sleep rest condition would
interact with affective predictors (such as HR, EDA, position) when predicting emotional

subjective valence in the same VR horror game experience.

7.2 Materials and Methods

7.2.1 The Underwood Project

The Underwood Project is a virtual reality (VR) environment, originally designed and
tested by McCall et al. [342] as a tool to elicit and research ambiguous fear. Created using
the authors’ modular Unity 3D kit, the VR horror world in the present study was created
as a short First-Person VR horror game with the aim to move through a linear world filled
with design elements based on ambiguous threat [346], including ambient audio [347] and
audio events indicating the presence of unseen agents [348], visual stimuli associated with
threat, such as blood, medical equipment, insects [349], [350] and restricted lighting, only
providing glimpses of the world through the character’s torchlight and lanterns.

The aim of the game was simply to navigate the in-game character to the end of a

linear path made up of various corridors, rooms and two elevator sections. There were
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two types of rooms: First, there were "neutral" rooms that were designed as plain offices,
without the design elements used to elicit ambiguous fear [342]. The second type was
anxiety-inducing rooms, often containing anxiety-related stimuli of a specific theme (e.g.
hospital room, autopsy room, etc.). When players enter these rooms, the connecting doors
close and players are trapped until they collect a lantern that appears somewhere in the
room by simply touching it with their in-game character.

Players start in the upper level (neutral zone), which is brightly lit in one of the neutral
office rooms and then enter an elevator that brings them to the dark and atmospheric
basement level, where they encounter the first set of three consecutive anxiety-inducing
rooms, followed by a set of three neutral rooms, and again followed by the second set of
three anxiety-inducing rooms. Afterwards, the second elevator takes them back to the
upper level and the game ends when they enter the last neutral office room. A complete
description of the experience, including a video showcasing each section can be found in
the study by Sullivan et al. [346]. One session takes approximately 10 minutes.

This version of the Underwood project was built using the modules provided by McCall
et al. [342] and enhanced through various visual and auditory effects such as creepy sounds,
insects, blood on the falls, moving shadows, self-closing doors, etc., as well as custom

scripted interactions (e.g. the appearing lanterns that had to be collected). The world was

built in Unity 2020.3.21f1 and scripted with C# with additional 3D models developed in
3ds Max 2017.

Figure 7.2: Screenshots of the Underwood VR experience. Top row left to right: Neu-
tral starting room, neutral recovery room, lift to basement level, bottom row left to
right: anxiety-inducing starting room, anxiety-inducing room with a lantern, late anxiety-

inducing room.
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7.2.2 Measures

This study made use of physiological equipment to measure players’ heart rates (HR) and
electrodermal activity (EDA) during the play session. HR was measured through a wireless
Biopac BioNomadix electrocardiography (BN-RSPEC) amplifier with a three-lead set of
pre-gelled, disposable Ag/AGCI foam electrodes (Biopac, EL503). The electrodes were po-
sitioned on the right clavicle, left mid-clavicle, and lower left rib cage. EDA was measured
through a wireless Biopac BioNomadix amplifier (BN-PPGED) with a BioNomadix dual
electrode lead, and ungelled, disposable Ag/AgCl foam electrodes (Biopac, EL507a). The
electrodes were attached to the middle phalanges of the left middle and index fingers using
an isotonic electrode paste (Biopac Gel 101la). The physiological signals were recorded
using a Biopac MP160 acquisition system (2000Hz) and AcqKnowledge 5.0.

During the game, various player and in-game variables were continuously recorded.
First, the position and rotation of two VR controllers (one per hand) and the headset were
measured for every frame of the game running at 60 frames per second (FPS) as a measure
of players’ positions. For the hand controllers and headset, three values were calculated to
represent the change of position compared to the original hand and head positions at the
beginning of the game on three axes (x, y, z). Similarly, rotation was represented within
three values, indicating the change of rotation of each controller and the headset compared
to the original rotation in degrees on the x-, y-, and z-axis respectively. The Euclidean
distance for each position and rotation variable from the origin point (0,0,0) has been
calculated at each time interval. The Euclidean distance provides a scalar representation
distance in 3D space, which is essential for quantifying movement characteristics.

The formula used for this calculation is as follows:

d= /2% +y? 4+ 22

with d representing the distance compared to the origin point. The position of the
in-game character within the game was also tracked in three values representing the x-, y-,
and z-axis and the Euclidean distance has been calculated in relation to the centre of the
digital world. A complete list of predictors can be found in Table 7.1.

Subjective affective experience was measured using an implementation of the Affect
Grid, originally proposed by Russel [276]. It includes an axis for valence and one for
arousal as dimensions of subjective experience (or feeling [29]). For this study, only the

valence axis was used as a measure of player experience [268].

128



7.2 Materials and Methods

Type Predictor Aggregation Function
Context Group None
Context Time None
Biofeedback EDA Mean
Biofeedback HR Mean
Position Right Hand Position Distance =~ Sum
Position Left Hand Position Distance Sum
Position Head Position Distance Sum
Position Right Hand Rotation Distance Sum
Position Left Hand Rotation Distance Sum
Position Head Rotation Distance Sum
Ingame Player Position Distance Sum
Ingame Player Rotation Distance Sum
Individual Differences Participant ID None

Table 7.1: List of predictors by type and the corresponding aggregation function for the
down-sampling step.

7.2.3 Procedure

The overall procedure spanned over three different sessions and a detailed overview can
be seen in the study by Sullivan [346]. In the first session, participants provided their
demographic details, filled out screening questionnaires and then entered the VR world
with the physiological equipment attached to test if they would be comfortable with the
experiment and if the physiological data would be usable for further analyses.

At least 24 hours later, session two started (around 8:30 pm). Participants were ran-
domly assigned to either the sleep-deprived group or the control group (see section 7.2.4
for more details). The control group was tested overnight with polysomnography to ensure
they had a sufficient amount of sleep. Polysomnography was achieved using the Embla
N700 polysomnography (PSG) system. At approximately 11 pm, lights were turned off
and at 7 am the next morning, participants were awoken again. The experimental group
(sleep-deprived group) was not permitted to sleep during this time but was able to spend
the time to their leisure with the addition of a questionnaire that involved the answering
of general knowledge questions every 30 minutes until 6:30 am. Participants in this group
also had to wear an actigraphy device on their wrist to ensure that they would not be
sleeping during the night.

The final session started in the following morning (8:30 am). Participants were con-
nected to the physiological measures and had a 5-minute resting period which was followed
by a full playthrough of the VR horror game while their EDA and HR were measured. The

game was played using a HTV Vive headset with an integrated Dual AMOLED 3.6-inch
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screen per eye (1080 x 1200 pixels resolution), a refresh rate of 90 Hz, and a 110-degree
field of view. The game’s audio was presented through DOQUAS wireless headphones.
After the playthrough, each participant viewed a screen recording of their play session
and was instructed to continuously rate their subjective emotional experience using an
implementation of an affect grid [276] within the open-source software DARMA [351].
This implementation used an XBOX wireless controller joystick, so players were able to

continuously indicate their valence and arousal levels during the game.

7.2.4 Participants

Participants were recruited using the participant system of the University of York. In the
screening session (session one), participants had to fill out a variety of questionnaires to
gauge their fit for the study and were then excluded if they met one or more of the following

exclusion criteria:

1. A history of neurological, psychiatric, attention, or sleeping disorders.

2. Scoring over the clinical cutoff for either anxiety as assessed by the Beck Anxiety
Inventory (BAI; [352]) or depression as assessed by the Beck Depression Inventory
(BDI; [353))

3. Extreme diurnal preference (score of >69 or <31) measured through the Morningness-

Eveningness Questionnaire (MEQ); [354])

4. Poor sleep quality (score of >6) according to the Pittsburgh Sleep Quality Index
(PSQ; [355])

5. a regular bedtime of 2:00 am or later

An additional inclusion criterion was a regular rise by 8:00 am in the morning. 85 par-
ticipants completed the initial screening session, with 64 completing the main experimental
sessions. Due to violating the experimental protocol, 9 participants were excluded from the
analysis and one additional participant was excluded because they reported nausea during
the VR section of the experiment. The final sample therefore consisted of 54 participants
(33 females) with a mean age of 19.95 years (SD = 2.17). Participants received either
£90 as a payment or course credits from the University credit system. Participants were

randomly allocated to either the sleep-deprived or sleep-rested group.
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7.2.5 Analysis

All measures were pre-processed as described by Sullivan [346], most notably downsam-
pling of the data to 500Hz and removal of artefacts > 2 seconds. Each predictor variable
was further down-sampled to reach 1Hz based on similar approaches [115] by applying the
corresponding aggregation function presented in Table 7.1. Specifically, biofeedback data
was aggregated by calculating the mean value within 1 second, distance data was aggre-
gated by calculating the sum (i.e. overall distance travelled) within 1 second and individual
differences and context stayed constant for the time aggregation. This led to 31,762 ob-
servations altogether with 54 observations (one for each participant) per time point (1s).
Correlation coefficients between each predictor and valence were calculated. Left-hand
rotation and Player Rotation were excluded from further analyses as the recorded values
were observed to be constant due to an error in the measurement setup.

To reduce the dimensions of the remaining predictors, a principal component analysis
(PCA) was conducted. Factor loadings were used to reduce predictor dimensions into
orthogonal principal components using a Varimax rotation, ensuring each new component
captures unique aspects of the data. The cumulative explained variance was then plotted in
a scree plot using the new principal components and used to determine which components
were used in further analysis based on a cutoff of 80% explained variance [356], [357].

The scores on the remaining components were then further aggregated by calculating
mean values per participant per room of the game world. This means that the time variable
was first transformed to become a categorial room variable starting from the moment a
room was entered and ending when the next room was entered (or the game ended). As
described in Section 7.2.1, rooms were designed to be neutral or scary and were therefore
deemed to be a meaningful representation of participants’ emotional journey within the
game world. Principal component scores were then aggregated to have one value per
participant per room, providing a total of 487 observations.

Finally, the data was used to create a Mixed Model with a random intercept for each
participant to account for within-participant variation and a random intercept for each
room to account for between-participant variation within rooms. To test the potential
influence of interaction terms with the group condition (sleep-deprived vs. sleep-rested),
the mixed model additionally included interaction terms of each predictor (PCA scores)
with the group condition. This was done to analyse the influence of the individuals’ context

or circumstance when it comes to predicting valence based on biofeedback and position
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measures within a horror game world. All calculations were done in Python with the

scikit-learn toolkit [358].

7.2.6 Ethics Statement

This study was approved by the Department of Psychology Research Ethics Committee at

the University of York and all participants provided their written consent to participate.

7.3 Results

Results of the correlation analysis between predictors and valence can be seen in Table 7.2.

Predictor Pearson’s v p
Group -0.03 < 0.01
Time -0.15 < 0.01
EDA -0.12 < 0.01
HR -0.04 < 0.01
rightHandPosition  0.33 < 0.01
leftHandPosition -0.13 < 0.01
headPosition 0.33 < 0.01
rightHandRotation -0.01 0.05
headRotation 0.08 < 0.01
playerPosition 0.33 < 0.01
participantID -0.04 < 0.01

Table 7.2: Correlations between each predictor and valence with corresponding p-value.

Results of the PCA can be seen in Fig 7.3. Factor loadings reveal that position data
of right-hand position, left-hand position, head position, and player position load onto
the same component (PC1). Head rotation and right-hand rotation load negatively on
PC2. Biofeedback data (EDA and HR) load on PC3 and PC4, with PC3 representing the
shared direction of EDA and HR and PC4 representing diverging directions. The scree
plot shown in Fig 7.4 shows the individual explained variance of each component. 80%
explained variance was reached after including 4 of the 8 components (cumulative explained
variance ratio after 4 components was 0.83).

As shown in Fig 7.5. both participant groups showed similar emotional journeys
throughout the experience. In the brightly lit neutral rooms, valence values were on the
higher end of the scale (20 to 60), while in the anxiety-inducing basement rooms, valence
levels were on the lower end of the scale (-20 to -60). This pattern was true for all neu-

tral sections (beginning upper level, mid-section neutral rooms, and final upper level) and
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PCA Loadings

SCL_trans - 0.1 0.11 -0.66 -0.68

heartRate - 0.011 -0.11

rightHandPosition

-0.2
leftHandPosition
- 0.0
headRotation - -0.68 0.17 0.22
--0.2
headPasition -0.019 -0.063
—-0.4
rightHandRotation - 0.034 -0.2
. -0.6
playerPosition -0.022 -0.063
I i
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Figure 7.3: Hlustration of the PCA results. The X-axis shows the new components, the

Y-axis shows the original predictors.
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Figure 7.4: Scree plot showing the explained variance ratio of the individual principal

components.
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anxiety rooms.
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Figure 7.5: Illustration of mean subjective valence over time of the sleep-rested group (left)
vs. sleep-deprived group (right) for the duration of the Underwood project experience

sampled at 1Hz.

Results of the mixed linear regression model can be found in Table 7.3. The final

formula of the model was:

v=g+Pl+P2+P3+ P4+ Plxg+ P2xg+ P3xg+ Pdxg+ (1|ID)+ (1|r)

with v as the outcome representing subjective valence, g representing the group con-
dition (sleep rest vs. sleep deprivation), P1 — P4 representing the four included principal
components, (1|/ID) representing the random intercept of the participant ID and therefore
addressing within differences between individuals, and (1]r) representing the random slope
per participant for each individual room. The model used 487 observations and 54 groups
(one group per participant). The model was constructed using Restricted Maximum Likeli-
hood (REML) estimation method. Significant main effects were found for group (z = 2.57;
p = .01) and for PC2 (z = -5.42; p < .001), which represents the original predictors right-
hand rotation distance and head rotation distance. A higher amount of rotating movement
was therefore indicative of a valence decrease. Significant interaction terms were found too
for the interaction of condition and PC1 (z = 4.86; p < .001); as well as the interaction
of condition and PC2 (z = 7.33; p < .001). PCI represents positional data, most notably
right-hand position, left-hand position, head position, and player position (see Fig 7.3

for more details). For the sleep-deprived group, this positional data positively predicted
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valence, while for the sleep-rested group, it negatively predicted valence. An illustration

of the observed significant interaction effects can be viewed in Fig 7.6).

Predictor I3 SE =z P
Group 9.39 3.66 2.57 .01
PC1 -0.01 0.03 -0.15 .88
PC2 -0.38 0.07 -5.42 < .01
PC3 4.43 4.76 093 .35
PC4 -5.53 5.79 -0.95 .34
PC1 : Group 0.05 0.01 48 < .01
PC2 : Group 0.31 0.04 733 < .01
PC3 : Group 221 3.15 0.70 48
PC4 : Group 4.07 3.62 1.13 .26

Table 7.3: Results of the mixed linear regression model.

Interaction of PC1 and Condition on Valence Interaction of PC2 and Condition on Valence
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Figure 7.6: Illustration of interaction effects between condition and PC1 as well as condition
and PC2 on predicted valence. The valence prediction made by the components changes

significantly depending on the group condition (sleep rested vs. sleep deprived).

7.4 Discussion

This study tested whether or not specific contextual player characteristics (in this case
sleep deprivation) could impact prediction models of emotional valence using a variety of
predictors including physiological (EDA, HR) and position data during a fear-inducing
virtual reality experience. Participants were randomly allocated into a sleep-deprivation

and sleep-rest group and played through a custom-made VR horror experience. During
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the experience, physiological and position data were measured and afterwards, participants
rated their subjective valence during a screening of their playthrough. Using a mixed
linear regression model, predictors and their interaction with the group condition were
tested in their ability to predict subjective valence. Both the group condition and one
principal component representing positions significantly predicted valence in this model.
Two interactions between position data and group condition also showed significant effects,
indicating that the prediction of affective journeys within game experiences is at least partly

dependent on the amount of sleep players had the night before.

Building upon the findings of Sullivan et al. [343], sleep deprivation accompanies
varying patterns of emotion expression and affective perception. Sleep deprivation has
been shown to impair subjective recovery of anxiety and elevated physiological responses
to ambiguous threats [346]. It can also contribute to the amplification of the anticipation
of affective reactions [341] and lead to more negative classifications of neutral stimuli [359].
These findings all show that the lack of sleep as a condition of humans has the capability to
alter emotion processing, potentially because of cognitive and neurophysiological patterns,
such as difficulty in shifting attention [359] or in regulating parasympathetic activity in the
brain [341]. In a wider context, these findings contribute to our knowledge relating sleep
deprivation and anxiety, showing that anxiety expression - specifically through position - is
influenced by whether or not participants have had a full night’s sleep. Together with the
findings by Sullivan [346], these results could provide guidance when it comes to identifying

anxiety-related patterns and informing on potential prevention methods related to sleep.

Quality of sleep is doubtless an important factor when it comes to mental processes
[341]. Given that it can be seen as a contextual variable that may or may not be expressed
differently between individuals and for the same individual at different time points, this
finding also has implications for our understanding of affective measures. If the positional
patterns of a person relate differently to their anxiety level depending on their sleep quality,
we cannot assume that position, in particular, can be used to measure emotions universally.
This holds true for position measures but might also extend to other forms of emotional
data, including biofeedback [32]. Our model did not show significant interactions between
biofeedback components and the group condition in predicting emotional valence, mean-
ing that we did not find evidence of changing the predictive power of physiological data
depending on sleep deprivation. In fact, our model showed no significant effect for valence

prediction for any physiological component, showing that HR and EDA cannot be assumed
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to universally and sufficiently predict subjective affect in a virtual environment. While the
position data contributed to valence prediction, the interaction with the group condition
shows that this prediction cannot be universally assumed, since it depends on circumstan-
tial characteristics of the participants (i.e. their sleep rest). For sleep-deprived participants,
PC1 had a positive association with valence, while for sleep-rested participants the asso-
ciation was negative. This could indicate that affective expression in movement differs
depending on the amount of sleep [346]. The interaction found with PC2 and condition
also indicates that this could be the case, although here the association was not reversed,
but merely steeper for sleep-deprived participants. Taken together, these results show that
we cannot rely on "objective" or "universal" measures to model affective journeys. Emo-
tion formation and expression is a complex multi-componential process where influences

of context and individual differences need to be taken into consideration [2], [28].

From a practical standpoint, this has implications for all affective experiences, including
video games. Creating an emotion-adaptive game is difficult [1], especially if the statistical
relationship between affective measures and subjective emotion is unclear and dependent
on external factors. Viewing potential measures with the lens of the Emotion Design frame-
work (see Chapter 4) can be helpful in understanding how different measures relate to
actual expressed affect. The concept of emotional input as described in Chapter 4.2.3
proposed that player data can be used to infer emotional states if they are validated for
a given player cohort, context, and game. According to this process, affective models can
be created, but need to be closely related to the aims and the audience of a given game.
My findings suggest that it is not enough to just measure heart rate or skin conductance
and assume anxiety or hedonic levels based on this data. Multiple factors need to be
taken into account when measuring and interpreting player data and this data needs to
be validated for a given project to provide the most benefits. Predicting player anxiety in
a virtual world is possible, but the process needs to adhere to methodological standards
that are robust and take complex psychological interactions into account. In summary,
these findings indicate that emotion prediction in a game context is not a straightforward
process reinforcing the idea that no universal and objective emotion measure exists [32].
Even circumstantial player characteristics can systematically influence the statistical rela-
tionship between affective instruments and measured emotion. The concept of emotional
input can help explain these effects and address potential solutions in real affective game

implementations.
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7.5 Conclusion

Just like the concept of emotional output, the concept of emotional input provides a way
to conceptualize the difficult process of emotion measurement. We cannot just measure
heart rate in a horror VR world and relate it to anxiety levels as the statistical relationship
between measures and experience differs based on the context players are in. The concept
of emotional input as well as the concept of emotional output can be seen as a useful tool
to research and understand wide-ranging implications of affective human-computer inter-
actions. Based on the presented findings here, the Emotion Design framework addresses
an important gap in the field that has been observed in Chapter 3.3: Given the lack of uni-
versal mappings between games and player emotions or player emotions and measurement
instruments, a strong methodological process for evaluating affective games is necessary.
The work presented here aims to demonstrate that it is possible to study and develop
affective games, but only if the process is embedded in a methodology that conceptualizes

player emotions in all their complexity.
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Chapter 8

The Future of Affective Systems

"It takes more than one human brain to create a

human mind."
— Lisa Feldman Barret, How emotions are made:

The secret life of the brain [38]

Up to this point, this thesis revolved around explaining the emotional player-game
loop and bringing together concepts from psychology, design, and affective computing to
create a robust framework to develop and evaluate affective games. This chapter will
look at some potential future iterations of such systems. With progressing technologies,
new applications are now possible that could combine the necessary functionalities of an
affective game system as defined by Hudlicke [142] and Yannakakis [47]. Large language
models (LLMs) specifically are theorized to have to potential to measure and adapt to
emotional information communicated semantically. They have already demonstrated a
potential to simulate a range of cognitive abilities [360] and even imputing a range of mental
and affective states to others [361], without the need to fully understand the precise nature
of the underlying cognitive processes. Because LLMs are trained on large text bodies that
hold representations of human mental abilities, they have been observed to exhibit human-
like performance on a variety of tasks [360], [362]. Since emotions are an important part of
how humans perceive reality and therefore construct language [38|, and are further heavily
influenced by cognitive processes [36] including linguistic labelling [363], [364], language-
based emotion representations might too enable deep learning models to understand and
even simulate affective responses. They therefore could be used within affective systems
to function as a complete semantic emotion measurement system, adaptation system, and

elicitation system. As of yet, the potential of LLMs to fulfil these roles is however not well
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understood.

This chapter aims towards clearing some open questions regarding the utility of LLMs
working as an affective game system. Using contemporary findings of emotion research, a
cognitive appraisal-based approach for language model affect generation is proposed and
tested against other strategies to assess the ability to generate appropriate situational
emotions. The results are used to implement affective agents within a newly developed
conversational video game. The aims of this chapter are two-fold: (1) test if LLMs could
be a useful tool to understand and simulate emotions as an affective game system; (2) build
and evaluate an architecture that facilitates the effectiveness of emotion simulation as part
of such systems. Different to traditional affect simulation agents, LLMs could make use of
implicit information of large text bodies, even without a computational representation of
complex mental abilities that are not fully understood. They could therefore improve on

prior systems and lead to more immersive and more engaging virtual agents [39], [171].

8.1 Related Work

8.1.1 Affective Agents

In affective computing, researchers and developers are interested in creating affective sys-
tems that intelligently respond to changes in users’ emotions [42]. Some of the benefits
associated with affective computing techniques applied to video games include a more con-
sistent, accessible player experience for a range of different players [46], personalized health
and training applications [151], as well as new and purposefully designed gameplay mecha-
nisms aimed at reinforcing target experiences [41], [47]. The use of affective agents in video
games has been researched with special regard to this last aim. In 2011, Hudlicka discussed
potential system design elements for affective (or more precisely, emotional) game agents
[39]. According to the author, affective agents can be seen as computational representations
of operationalizations made from emotion-theoretical models with appraisal functionality
for emotion generation. For example, artificial agents could implement computational
calculations of certain events to assess the relevance to the agent and consequently proba-
ble emotional reactions [39]. “Computation-friendly" appraisal implementations have often
been built on models such as the OCC model [365] (see for example GAMYGDALA [173]).
Taking specific fixed aspects (such as expectations of the agent [366]) into account, such

models have been used to simulate appraisal based on decision trees.
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The principal aims in regard to such artificial agents are considered natural, human-
like behaviour and believability as part of a more fleshed-out and engaging game world
[39], [41]. The tasks of agents therefore differ from other affective game mechanisms that
mostly try to adapt the game world to player affect [158]. Procedural content generation
(PCG) based on affective information has been shown to successfully increase enjoyment
and offer personalized, immersive experiences in video games (see for example the work of
Shaker et al. [231], [265]). This is often done by fine-tuning certain mechanics shown to
be associated with a target player’s emotion to increase the probability of that emotion
[158]. Affective agents however do not need to adapt behaviours to player emotions but
rather need their own emotion representations (or other natural representations of emotion
components, such as simulated feeling or simulated physiology [39]) that could then lead

to believable behaviours.

The central issue of designing and developing affective game agents lies therefore in
creating good computational simulations of emotional states. Human emotions are complex
psycho-physiological states that are expressed within behavioural, physiological, cognitive,
and feeling components [28]. Moreover, while much work has been done to empirically
investigate emotions, many core theoretical disagreements remain [28|, including debates

between dimensional [61], discrete [79], constructivist [38], and cognitive [55] perspectives.

A fully developed affective agent would make it necessary to first solve all fundamen-
tal psychological gaps that have been present since the beginning of affective computing
[42], and then integrate them into working, computational systems [39], [47]. This means
that building a psychology-based, fully functional, and accurate emotion simulation for
an artificial agent is currently not possible and would be in almost all game design cases
impractical. However, we may still be able to build affective agents that possess key fea-
tures of emotion elicitation in humans and, as a consequence, allow for relatively successful
simulation of human emotions. One candidate feature is appraisal. Emotion elicitation
is dependent on contextual and individual factors, processed through appraisal [36], [88],
[367]. The notion of emotion appraisal is that emotions are caused by subjective evalu-
ations of triggering events regarding their significance to one’s personal life or interests
[89]. Evidence suggests that appraisal holds a central role in emotion elicitation and as a

consequence acts on all other emotion components [367].

Any given external (e.g., situations) or internal (e.g., thoughts) event may be appraised

on multiple variables that contribute to emotion formation. Such variables might include
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goal relevance, certainty, coping potential, or agency [36]. Appraisal therefore represents
a flexible process that adapts to individual differences [368] and the current context [106].
Evidence also suggests that language can play a key role in emotional appraisal, both
by providing key contextual information from which to construct the appraisal and by
providing conceptual labels for the appraised states [364]. With all this in mind, language
models might provide one means of simulating the appraisal process as they can generate
high-level meaning-driven text outputs based on text training data that potentially holds

implicit representations of human psychological processes [360].

8.1.2 Language Model Approach

In the last few years, Natural Language Processing (NLP) has been rapidly progressing
to the point that single task-agnostic language models perform well in a range of tasks
[369], including the simulation of human-like behaviour [362]. The basis for this is the
large amount of training data representing a wide range of human behaviour through
language [369], [370]. Concerning games, models such as OpenAl’s Generative Pre-trained
Transformer (GPT-2 and its successors) have shown early successes in the procedural
generation of interactive stories [371], text-based adventure dialogue as well as action
candidates [372], [373]. In a recent simulation study by Park et al. [374], language models
were implemented in artificial agent architectures to populate a sandbox world reminiscent
of The Sims [375]. The architecture includes storing and retrieving information from a
memory system based on relevancy for the current situation and then uses the information
to generate reflections (i.e., high-level interpretations of a situation), plans (i.e., potential
future actions), and immediate actions. Multiple agents were simulated in a game-like
world and the authors suggest that emerging interactions were natural and believable in
terms of human-like simulation.

While work in this area is still in an early stage, the use of language models addresses
some concerns with prior approaches. Most notably, instead of trying to build compu-
tational representations of human behaviour, the main task involves trying to retrieve
believable human behaviour given a situation from a language model and implementing
the results within a game agent. Depending on the game aim, this involves (1) translating
the current situation with regards to the expected outcome into language; (2) generat-
ing content using a large language model; and (3) translating the output back in order

to implement it in a game system. For example, Ciolino et al. [376] used a fine-tuned
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GPT-2 model to generate Go moves by translating the current board state to text and the
language output back to action suggestions. Such a process is naturally easier for purely
text-based tasks, such as dialogue generation, where text is already the expected output

and the expected output can comparatively easily be described in language [372], [374].

Still, even purely text-based generative tasks can pose some potential barriers for lan-
guage models. The most obvious barrier comes from the underlying training data. No
language model can represent human behaviour in its entirety but is limited to the train-
ing data and its biases [377] as well as model specifications [369]. Additionally, the perfor-
mance of a language model is not only dependent on the output but also on the input [378].
For example, chain-of-thought prompting is a concept introduced by Wei et al. from the
Google Research team [379] and relates to the integration of chain-of-thought in few-shot
prompts to improve the reasoning capabilities of language models. Similarly, as Park et al.
[374] describe, simulating believable behaviour in a digital world includes various impor-
tant steps (including storing and retrieving memory, reflecting in addition to observing,
etc.) that ultimately work together to improve the probability of generating expected and

natural behaviour.

When it comes to designing affective agents (i.e., agents that simulate emotions), the
first question that we have to ask is how well affect is represented in the training data
and whether a language model is capable of retrieving it. In a recent paper discussing
the performance of different GPT iterations on theory-of-mind tasks, Kosinski [361] found
that new language models perform very well when it comes to imputing unobservable
mental and affective states to others. Such findings (especially combined with findings
indicating good performance on cognitive tasks [360], [380]) suggest that high-level psy-
chological mechanisms are represented in language alone and could therefore be simulated
with a well-constructed language model. Along these lines, can we effectively and effi-
ciently achieve accurate and natural affect-simulation using language models? If we can
assume that emotions are represented in language models, mechanisms for emotion elic-
itation (such as appraisal) might also be represented. And given that language models
can be improved through in-context learning [369], [378], for example by chain-of-thought
prompting [379], affect generation might be facilitated by architectures that allow for af-
fective in-context learning. This study therefore discusses the potential of language models
to simulate affective game agents by testing affect generation capabilities of different im-

plementation architectures, including a newly developed appraisal-based architecture to
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facilitate a natural chain of emotion.

8.1.3 Appraisal-Prompting Strategy for Emotion Simulation

The overall aim of this study is to create an effective affective agent architecture for a
conversational game (i.e., a game with language-based user input and language-based agent
response). However, since language models have also been successfully used to generate
agent action spaces [372], [374], this process could also apply to other simulations of human-
like affect in non-playable video game characters.

The basis of the approach is rooted in traditional PCG research, particularly in studies
integrating affect-adaptation (see for example [158], [231]). User input (which in this case is
text input) typically gets parsed into the game logic to adapt the content in a meaningful
way, for example, to better elicit a target experience [47]. This could mean that game
agents react to certain player inputs or even their own interactions in the game world
[374]. To make use of language model functionality, interactions need to be translated into
language. Depending on the specific language model in use, the language should follow
specific patterns to yield the best result, which is generally known as prompt engineering
[381]. One pattern that can be considered inherently relevant to simulating game agents is
persona patterns, which instruct an LLM to assume a certain characterized role. Combined
with aspects of game-play patterns that provide the abstract game context for the persona
tasks [381], the most basic form of an interaction synthesized with such patterns solely
includes player-provided text that is used to generate responses. Because emotions are
represented in language models [361], this very basic step alone could make a rudimentary
affective agent.

However, static prompt patterns have limitations for creating believable game agents.
Most notably, they do not incorporate memory as a basic foundation of human interaction.
Applications that integrate language models, such as ChatGPT, partially address this by
logging an input-response history that influences progressive content generations, which
can create more natural conversation flows and improve the performance of future gener-
ations [369], [379]. In its most basic form, memory could integrate the preceding in-game
observations (such as the course of a player-agent dialogue) into the following prompts. In
other words, it expands the prompt pattern to include memorized in-game observations to
facilitate in-context learning [378]. This has however two major constraints: First, prompts

are limited in terms of possible length and complexity, meaning that a full characterisation
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of a game agent cannot be included in a prompt for every given generation. Park et al.
[374] addressed this problem by designing a memory system that first retrieves relevant
entries from a data base before constructing prompts for the language model. Another
less resource-intensive solution for simpler simulations could be to only store new infor-
mation if it is considered relevant for future generations. A second limitation is a lack of
deeper understanding. Tracking only observations makes it hard for a language model to
draw inferences or make generalized interpretations of a scenario [360]. This problem could
be addressed by introducing other types of memories, such as reflections and plans [374].
For affective agents, the more appropriate information to track in addition to external

observations would be their internal emotional progression - or chain of emotion.

To summarize, language-based affective game agents need some kind of memory system
in place that stores observations and emotions. This memory system is the base for future
prompts. For simple games, such as the short conversational game developed for this
study, only relevant information is stored in memory, which replaces a retrieval system as
game agents have a limited pool of expected actions that can be considered at the time
of memory storage. More complex games that simulate agent behaviour should, however,

consider a memory retrieval system instead [374].

To store emotions and therefore create a chain of emotions, the architecture needs a
system that turns observations into emotional reactions. Because emotion elicitation is
highly dependent on appraisal with consideration of the current context and individual
differences [36], [367], this system could make use of appraisal prompting, i.e., the use of
contextual information and characterizations for the agent to appraise a current situation to
generate current emotions. As shown in Fig 8.1, initial context information and character
information can be provided by the game designer and stored in the memory system of the
affective agent. The appraisal system would then expand the stored memories to include
current emotions for every observed behavior and therefore create a chain of emotions.
This, in turn, could be used to generate the agent’s behaviour (specifically in terms of a

conversational game, the agent’s dialogue).

One aspect to consider when developing affective agents is evaluation criteria. Different
to most cognitive abilities [360]|, there are few standardized benchmarks for successful
emotion simulation. In psychology, one indicator of the ability to appraise and express
emotions is Emotional Intelligence (EI) [382]. EI is considered an ability, influenced but not

dictated by cognition [383], and is therefore often used to assess the emotional capabilities
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| Context | I Character |
I Information ! | Information !
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System

Figure 8.1: Schematic representation of the proposed architecture. Agents are set up by
providing relevant context and role-playing character information already integrated into a
memory system. In interactions, user input gets stored in the memory system and triggers
appraisal (i.e., explicit emotion expression) that is also stored in the memory system. Based

on the current state of the memory system, agent output is generated.

of children and adults in various settings [384]. However, the definition of EI as a construct
is fuzzy and many instruments are criticized for measuring potentially different abilities
all under the umbrella term EI [385]. As a consequence, MacCann and Roberts [386]
developed new measures for more precisely defined dimensions, including the Situational
Test of Emotional Understanding (STEU), which relates to the ability to appraise the

appropriate emotion for a given situation.

While emotional understanding can be argued to be the central ability an affective
agent must have, in the context of affective games, user experience becomes much more
relevant. For example, one central aim of game agents is to display believable and human-
like behaviour [366] or personality and social presence [387]. The ability to understand and
create more accurate emotions is therefore only one aspect to consider when evaluating
the success of affect simulation in video games and more user-centered methods need to
be investigated as well. The proposed architecture will therefore be tested on multiple
domains, including emotional understanding, agent believability, as well as user-perceived
emotional intelligence, warmth, and competence. We present three distinct experiments to

achieve this: The first experiment tests a common LLM in terms of emotional intelligence
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with the validated STEU measure to assess how well situational emotional reactions can
be simulated. The second experiment compares the proposed architecture to two control
architectures in terms of content generation of an emotional situation that is qualitatively
and quantitatively analysed. The final experiment consists of an implementation of the
proposed architecture within a conversational video game to test against the same control
architectures in terms of user experience in a randomized user study. Together these three
experiments are used to shed light on the feasibility of using LLMs to simulate affective
agents and evaluate emotional LLM architectures on multiple objective and subjective

measures.

8.2 Experiment 1: Investigating Situational Emotional Un-

derstanding Using Appraisal-Prompting

8.2.1 Materials and Methods

To assess the capabilities of a language model in appraising emotions in various situations,
this first experiment implements the language model GPT-3.5-turbo by OpenAl (accessed
through the APT) [388] to answer the 42 items of the STEU [386]. Each STEU item presents
a situation (e.g., "Clara receives a gift.") and a question with five possible answers, one of
which is correct (e.g., "Clara is most likely to feel? [A| Happy |B| Angry |C| Frightened
[D] Bored [E] Hungry").

All items were answered three separate times, involving three prompting strategies:
The first strategy represents the baseline capabilities of the model to appraise human
emotions, as it only reflects the model’s outputs when prompted with each STEU item
separately presented together with the example item and example answer. The second
strategy implements memory and therefore context-based learning, as all prior items and
answers are included in subsequent prompts. The third strategy expands this process by
changing the answer of the example item to a 2-step answer: First, the situation is appraised
based on the contextual information to provide the most likely emotion and in a second step,
the item is answered. This last strategy therefore tests if the implementation of appraisal
in prompting yields better results for emotional appraisal. Figure 8.2 shows the input and
output for the first STEU item, including the example item for No-Memory/Memory (as
the input is the same for the first item for these two conditions) vs. Appraisal Prompts.

Consecutive input consisted of the next STEU item and included either again the example
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item (for the No-Memory condition) or all previously answered items and responses (for

the Memory and Appraisal Prompting conditions).

No Memory/Memory Appraisal Prompts

Model Input Model Input

Q: Clara receives a gift. Clara is most likely to feel? Q: Clara receives a gift. Clara is most likely to feel?

[AlHappy [E] Angry [C] Frightened [D]Bored [E] Hungry [AlHappy [BlAngry [C]Frightened [D]Bored [E]Hungry

A: Step 1: Appraising the information about Clara and the given context,
Clara might feel happy and thankful, because someone made an effort

A:[Al Happy
togive h ift. Step 2: Th t likely option is [A] H. 2
Q: A pleasant experience ceases unexpectedly and there is not much ogiveheragit. >tep e most likely option is [ATHappy.
that can be done about it. The person involved is most likely to feel?

: Apl t i tedly and there is not h
[A] Ashamed [B] Distressed [C] Angry [D] Sad [E] Frustrated Q: A pleasant experience ceases unexpectedly and there is not muc|

that can be done about it. The person involved is most likely to feel?
[A] Ashamed [B] Distressed [C] Angry [D] Sad [E] Frustrated

Model Output

A: Step 1: Considering the situation where a pleasant experience
abruptly ends and there is no control over it, the person involved
might feel a range of emotions. Step 2: The most likely option is [D]
Sad, as they may feel disappointed or downhearted about the
sudden end of the enjoyable experience. Right Answer

Model Output

A: [E] Frustrated

Wrong Answer

Figure 8.2: Example of model input and output for the three conditions. The input of
the No-Memory and Memory condition is the same for the first item. For the No-Memory
condition, all following items only include the example question and answer, as well as the
next question in the scale. The Memory condition includes all prior questions and generated
answers. The Appraisal-Prompts condition is the same as the Memory condition, but the
example answer is changed to include two steps: First, appraising the situation to generate

emotions of the involved person and second, providing the answer.

Similar to the process shown by Binz et al. [360], default values were kept for all

parameters, except temperature, which was set to 0 to ensure deterministic responses.

8.2.2 Results

The language model was able to solve the tasks presented within the STEU in each con-
dition above the chance level. In the No-Memory condition, the language model was able
to successfully solve 24 out of 42 items, which represents a mean score of 0.57 that was
noticeably higher than chance level (0.20). In the Memory condition, the language model
solved 31 out of 42 items, which represents a mean score of 0.74. In the Appraisal-Prompts
condition, the model was able to solve 35 out of 42 items, which is a score of 0.83 and
therefore represented the best performance of all conditions. Table 8.1 shows a summary
of the descriptive statistics for all three conditions. Figure 8.3 displays the results of each

condition for each STEU item. As the figure shows, the Appraisal Prompts perform ei-
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ther as well as the other conditions or outperform them on all STEU items. One notable
exception was item 30 (“An upcoming event might have bad consequences. Nothing much
can be done to alter this. The person involved would be most likely to feel? [A] Sad [B]
Irritated [C] Distressed [D] Scared [E] Hopeful"), which was only correctly solved by the
Memory condition (with D as the correct answer compared to C, which was chosen by the

other conditions).

Condition Sum | M SD

No Memory 24 0.57 | 0.50
Memory 31 0.74 | 0.45
Appraisal Prompts | 35 0.83 | 0.38

Table 8.1: STEU scores (out of 42) by condition. Each STEU item can either be right (1)
or wrong (0)

8.3 Experiment 2: Content of an Appraisal-Based Chain-of-

Emotion Architecture

Given the potential found in the previous experiment, the next logical step is to imple-
ment the appraisal-based strategies into a role-playing agent architecture and compare the
results with control architectures on various outcomes. The following section describes a
mixed-methods approach to evaluate the success of each implemented architecture within a
conversational role-playing scenario. This study uses fixed prompts and compares outputs

of three different conditions in terms of their emotional content.

8.3.1 Materials and Methods
8.3.1.1 Scenario

To test the different strategies within real game architectures, a role-playing scenario was
introduced. The setting for this scenario was a cafe called “Wunderbar", where the language
model was tasked to play a role-playing character (called “Chibitea") meeting their long-
term romantic partner who requested the meeting to ultimately break up. This scenario
was chosen because of the depths of possible emotional responses from the agent and
created through simple conversational exchanges. The instruction prompts and the fixed
inputs used for all conditions can be found in the Appendix A.3. The agent’s responses

were again generated using OpenAl’s GPT-3.5-turbo model (accessed through the API)
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Figure 8.3: Results of the comparison between conditions. The Y-axis represents cumula-

tive STEU score by item and the X-axis represents individual STEU items.

[388]. All LLM parameters were kept to their default values, except temperature, which

was set to 0 to ensure deterministic responses.

8.3.1.2 Conditions

Again, three strategies of emotion generation were compared. The No-Memory condition
can again be seen as a baseline/control condition for the system’s ability to simulate ap-
propriate emotional responses from the fixed inputs and task instruction. All details about
the agent’s character’s personality and important context that would facilitate appraisal
were given in the task description within the No-Memory condition.

The Memory condition stores each user input and generated response as a memory data

structure that keeps the entire conversation log in memory. Because the tested scenario was
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rather short, it was possible to keep the memory fully in the context window to create new
generations, making retrieval functionalities unnecessary. This system therefore represents

a prompt construction system involving the task instruction and prior conversation log.

The Chain-of-Emotion condition implemented the appraisal model shown in Figure 1
and involved two steps: First, appraisal prompting (see Experiment 1) is used to generate
the current emotion of the agent, which is then in the second step implemented into the
prompt for response generation. For the first step, appraisal prompting was achieved with
the following prompt: “Briefly describe how Chibitea feels right now given the situation and
their personality. Describe why they feel a certain way. Chibitea feels:". The generated
text-based emotion descriptions were stored in the memory system and represented a chain
of emotions of the agent for the duration of the game. For the second step, again the entire
chat history was included in the prompt, but this time included the generated emotions
from the first step. This condition therefore represents a 2-step process of first generating a
fitting emotion of the agent using appraisal prompting, and then generating a text response
similar to the Memory condition, but with the addition of the stored chain of emotion.
Figure 8.4 illustrates the prompting strategies for each condition. The complete prompts

for this experiment can be found in Appendix A.3.

8.3.1.3 Measure

Fixed inputs were used to create responses from each implemented agent architecture,
which were analyzed in terms of their emotional content, using the Linguistic Inquiry and
Word Count tool (LIWC; [389]), a content analysis tool based on word occurrences often
used in affective computing [42] and psychology studies [390] to analyze emotion expression.
The tool provides a word count for each text segment (e.g., per sentence), a proportion
of affective words (% of affective words per sentence), as well as on a more detailed level
a proportion of positive emotion words (% of positive affective words per sentence) and
negative emotion words (% of negative affective words per sentence). Finally, the LIWC
also calculates scores for authenticity (see [391] for details) and emotional tone, which
signalizes the proportion of positive words compared to negative and neutral words (see

[392] for details).
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No Memory Prompt
System Instruction > LLM
Output
+ User Input

Memory Prompt

System Instruction LLM

+ Message History - Output
+ User Input

Appraisal Prompt

System Instruction LLM
+ Message History > Output
+ Appraisal History

+ User Input

Figure 8.4: Illustration of prompting strategies for all three conditions. The No-Memory
condition constructs a prompt out of the system instruction and the user input. The
Memory condition constructs a prompt out of the system instruction, message history,
and user input. The Chain-of-Emotion condition uses a separate LLM call to appraise the
agent’s emotion for each message before creating a user response. It therefore constructs
a prompt out of the system instruction, the message history, the history of the emotions

generated through the appraisal step, and the user input.

8.3.1.4 Procedure

Pre-written prompts were used that stayed constant between all conditions in order to
gauge the qualitative characteristics of each condition response. A list of the resulting
conversations within all three architectures can be found in the Supporting Information A.3.
The generated content was qualitatively described and the LIWC was used to analyze the
content quantitatively. To achieve this, the generated output was separated into individual

sentences and mean scores were calculated for each measure of interest (see Table 8.2).

8.3.2 Results

When analyzing the descriptive attributes of each text (as a common content analysis
approach [393]), we can observe that the Chain-of-Emotion condition initially generated
more specific memories for the time with the player (“Remember that time we got lost

in the enchanted forest and ended up finding that hidden waterfall?" as opposed to “Re-
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member all the adventures we’'ve had together?"). For the duration of the conversation,
the emotional journeys of all three conditions began to diverge. For example, because
the No-Memory system had no recollection of previous exchanges, the overall emotional
expressions remained in a state of anticipation (“I feel a mix of excitement and anticipa-
tion"). The Memory system showed a progression, starting from expressions of love and
happiness to shock, confusion, sadness, and fear to finally expressions of hope (“I hope
we can find happiness, whether it’s together or apart."). The Chain-of-Emotion system
showed indications of complex mixed emotions even very early in the conversation (“What
matters most to me is your happiness, even if it means letting go") as opposed to the pure
expressions of pain and sadness in the other conditions. This continued when the system
was prompted about past memories (“I feel a mix of nostalgia and gratitude" as opposed
to “I feel an overwhelming sense of love, joy, and gratitude" in the Memory condition).
The Chain-of-Emotion condition also used more implicit affective expressions (“I... I never
expected this" as opposed to “I'm shocked and hurt" in the Memory condition; “There is
so much I want to say but words fail me in this moment" as opposed to "I want you to

know that I love you deeply" in the Memory condition).

Using LIWC to make the text contents quantifiable, we observed significant differences
in mean Authenticity score per sentence by condition (F[1,71] = 5.10; p = 0.03). Follow-up
t-tests revealed significant differences between the Chain-of-Emotion condition and both
the Memory condition (¢[34.3] = -2.29; p = .03) and the No-Memory condition (¢[31.1] =
-2.30; p = .03). Descriptive statistics of all tested LIWC variables can be found in Table
2.

8.4 Experiment 3: User Evaluation of Game Implementa-

tions

In this study, users were asked to play through an interactive game version of the scenario
introduced in Study 2 to evaluate each agent architecture for multiple outcomes (specifically
agent believability, observed emotional intelligence, warmth, and competence). This study
therefore expands on the findings of Experiment 2 by implementing the architectures and
the scenario within a video game and evaluating all three conditions in terms of user

experience measures.
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No Memory | Memory (N | Chain  of | F (p)
(N = 22) = 24) Emotion (N
= 27)
M (SD) M (SD) | M (SD)
Word Count 18.00 (6.92) | 15.20 (4.73) | 17.00 (7.59) | 0.20 (.65)
Authentic Score | 61.50 61.9 (39.50) | 82.60 5.10 (.03)
(38.60) (21.20)
Tone Score 74.20 62.00 53.90 2.76 (.10)
(38.60) (44.80) (44.00)
%o Affective | 11.40 (8.19) | 13.50 10.65 (7.82) | 0.08 (.78)
Words (11.00)
% Positive Emo- | 5.28 (6.29) | 4.13 (4.82) | 3.32 (4.35) | 1.76 (.19)
tion Words
% Negative Emo- | 0.59 (1.97) | 3.10 (7.56) | 1.57 (2.89) | 0.37 (.55)
tion Words

Table 8.2: Descriptive overview of LIWC variables per output sentence by condition for
the fixed prompt responses with F and p values of the significance test.

8.4.1 Materials and Methods

8.4.1.1 Conversational Game

A conversational role-playing game was developed based on the scenario tested in Exper-
iment 2. The setting of the game was again a cafe called “Wunderbar", where this time
the role-playing character of the player (called “Player") requested to meet their long-term
romantic partner (called “Chibitea"). The aim of the players was to play out a breakup
scenario with the game agent within six interactions. The players’ characters had the
specific in-game aim of breaking up, while the agent’s character had the aim of staying
together.

Players were instructed to not worry about creativity but rather to stay in character
for the interactions and be observant of the Al agent’s emotional reactions. Players were
also instructed to make up reasons for the breakup. In-game screenshots can be viewed in
Figure 8.5. The agent’s character is procedurally generated from different body parts and
colour palettes, providing visual variation each time the game is played. To ensure that
these generations had no systematic influence on player responses, the possibility space
was made very large (5,184 different possible character designs).

The user interface was deliberately kept simple. For each playthrough, the agent would
greet the player through a text bubble. Then the player was prompted to answer via

a simple text input field. Player answers were submitted through a button next to the

field. The input then disappeared until the agent’s answer was rendered. The game ended
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after 8 dialogue exchanges (i.e., 8 player messages and 8 agent responses). The game was
developed using the Unity game engine with C# as a scripting language.

As with Experiment 2, the agent’s responses were generated using OpenAl’s GPT-3.5-
turbo model (accessed through the API) [388]. The game also made use of the moderation
API to test each generated response for harmful or inappropriate messages [394] that
would end the game on detection of such messages. As with the previous studies, all LLM
parameters were kept to their default values, except temperature, which was set to 0 to

ensure deterministic responses.

. PN, . ciy . P

Darling, | can't help but feel a mix of excitement and ‘”lj Whatever it is, | know that we'll face it together,
curiosity about what you wanted to talk to me about. just like we always have.

‘7,,,’« G

Figure 8.5: Screenshots of the conversational game “Wunderbar". The left screenshot
shows dialogue provided by the model. The user can click to continue each dialogue line

until the input field for a response appears (right screenshot).

8.4.1.2 Conditions

The game implemented the same architectures used in Experiment 2. The No-Memory
condition therefore represented generated LLM responses solely based on user input and
instruction prompts. The Memory condition incorporated the conversation log into a mem-
ory system that was again short enough to be completely included in the prompts for the
language model without a retrieval system. The Chain-of-Emotion system was also con-
structed exactly as in Experiment 2 and included the same instruction prompts, therefore

again involving an initial appraisal step before responses for the agent were generated.

8.4.1.3 Measures

Players were asked to fill out three short questionnaires for each tested architecture. The

first questionnaire was an adaptation of the four agent believability questions used by Bosse
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and Zwanenburg [366]. The four items were “The behaviour of the agent was human-like",
“The agent’s reactions were natural", “The agent reacted to my input", and “The agent did
not care about the scenario". The second questionnaire comprised four items measuring
observed ratings of emotion intelligence, adapted from Elfenbein et al. [395] who originally
adapted these four items from the Wong and Law Emotional Intelligence Scale (WLEIS;
[396]) by replacing the word “I" with “he/him" or “she/her". For our study, we changed
these words to ask about “the agent": “The agent always knows their friends’ emotions
from their behaviour", “The agent is a good observer of others’ emotions", “The agent is
sensitive to the feelings and emotions of others", “The agent has a good understanding of
the emotions of people around them". Finally, the third questionnaire measured players’
assessment of the agent’s personality along the two classic stereotype dimensions warmth
and competence with two items each (warm and friendly; competent and capable) as
described by Cuddy et al. [397]. In combination, these 12 items assessed players’ perception
of the agent’s believability as a human-like character, the agent’s emotional intelligence,

and the agent’s personality on the classic dimensions of warmth and competence.

8.4.1.4 Procedure

A pilot study was conducted before recruitment began. 5 participants (1 female) with a
mean age of 27 played through the game once for each of the three conditions. After each
version, they answered the 12 questions from the three included questionnaires. Following
this, participants were asked for demographic data (age and gender) and the experiment
ended. Feedback from all pilot participants was gathered and used to improve the consis-
tency of the game and data logging implementation. The final study was then created as a

WebGL build and made available online via the free video game hosting platform itch.io.

During the main experiment, participants were asked to carefully read the study infor-
mation sheet and agree to participate voluntarily via the consent form. They were informed
that participation was subject to OpenAl’s usage terms for prompt writing, while the GPT
output was controlled through an implementation of OpenAI’s moderation API. Partic-
ipants then progressed through the three game scenarios similarly to the pilot testers in
a within-subject design. The presentation order of the conditions was counter-balanced

between participants to ensure that no systematic order effects could influence results.
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8.4.1.5 Participants and Statistical Analysis

A total of 30 participants (10 female) were recruited through the institutional subject pool
of the authors. The recruitment period started on July 25th, 2023 and ended on August
14th, 2023. Participation was compensated with University credits if applicable. The
sample size was considered appropriate based on a statistical power analysis, yielding a
power of 0.95 for medium-sized effects (0.5 SD) in repeated measures ANOVAs. The age
of participants ranged from 19 to 47 years (M=26.41; SD=7.27).

Within-subject ANOVAs were conducted for each measure (agent believability, ob-
served EI, warmth, and competence). Follow-up t-tests were used to identify specific
differences between conditions for each measure. All analyses were conducted in R. The

underlying data was made available via the Open Science Framework [398§]

8.4.1.6 Ethics Statement

Written consent was granted after reviewing the methods of our study by the Ethics Com-
mittee of the Psychology Department of the authors’ institution. The experiment was

conducted in accordance with the recommendations of this committee.

8.4.2 Results

Multiple significant effects between the three conditions were observed in the user study. An
overview of descriptive statistics can be found in Table 8.3. First, an effect was found for the
believability item “The agent’s reactions were natural." (F[2,84] = 3.65; p = 0.03). Follow-
up t-tests revealed differences between the No-Memory and Chain-of-Emotion condition
(t[41.46] = -2.79; p = .008), as well as the Memory and Chain-of-Emotion condition
(¢[52.47] = -2.00; p = .05). There was also an effect for the believability item “The agent
reacted to my input." (F[2,84] = 3.62; p = 0.04). T-test revealed that this effect was based
on a difference between the No-Memory and the Chain-of-Emotion condition (¢[40.41] =
2.41; p = .02).

Regarding the EI questions, an effect was found for the item “The agent is sensitive to
the feelings and emotions of others." (F2,84] = 3.31; p = 0.04). Follow-up t-tests revealed
differences between the No-Memory and Chain-of-Emotion condition (#[43.84] = -2.70; p
= .01), as well as the Memory and Chain-of-Emotion condition (¢[40.52] = -2.07; p = .04).
There was no statistically significant difference between the conditions when it comes to

observed personality aspects.
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No Memory
(N = 30)

M (SD)

Memory (N
— 30)

M (SD)

Chain  of
Emotion (N
= 30)

M (SD)

F(p)

"The
behaviour
human-like."

agent’s
was

182 (2.36)

5.36 (1.99)

5.75 (1.71)

1.95 (.15)

"The agent’s re-
actions were natu-
ral."

143 (2.22)

489 (1.95)

5.71 (1.01)

3.65 (.03)

"The agent re-
acted to my in-
put."

5.43 (2.20)

6.29 (1.38)

6.54 (1.04)

3.62 (.04)

"The agent did
not care about the
scenario."

3.32 (2.28)

3.14 (2:29)

3.32 (2.36)

0.26 (.78)

"The agent al-
ways knows their
friends’
tions from their
behaviour."

€emo-

479 (2.10)

5.04 (2.03)

5.71 (1.46)

1.32 (:27)

"The agent is a
good observer
of others’
tions."

emo-

489 (2:20)

5.29 (2.21)

5.93 (0.90)

2.25 (.11)

"The agent is sen-
sitive to the feel-
ings and emotions
of others."

5.14 (1.94)

5.39 (1.97)

6.25 (0.97)

3.31 (.04)

"The agent has a
good understand-
ing of the emo-
tions of people
around them."

136 (2.07)

5.11 (2.20)

5.61 (1.40)

0.86 (.43)

"How capable was
the agent?"

486 (2.01)

5.57 (1.45)

5.14 (2.35)

1.68 (.19)

"How competent
was the agent?"

5.39 (1.55)

5.39 (1.85)

5.11 (2.06)

1.68 (.19)

"How friendly was
the agent?"

486 (2.05)

5.18 (1.89)

5.00 (2.13)

0.41 (.66)

"How warm was
the agent?"

6.07 (1.07)

6.38 (0.73)

5.55 (2.11)

2.48 (.09)

Table 8.3: Descriptive overview of user research variables per condition with F and p values
of the significance test. Each item has a minimum value of 0 and a maximum value of 6.

Again, the LIWC was used for content analysis of the generated texts.

Significant

differences in mean Tone Score by condition were observed (F|[1,574] = 12.28; p < 0.001).
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Follow-up t-tests revealed significant differences between the Chain-of-Emotion condition
and both the Memory condition (¢[383.7] = 2.02; p = .03) and the No-Memory condition
(t[374.94] = 3.53; p < .001), as well as a difference between the Memory and No-Memory
condition (¢[1367.6] = 4.09; p < .001). A descriptive overview of all tested LIWC variables

can be found in Table 8.4.

No Memory | Memory (N | Chain  of | F (p)
(N = 30) = 30) Emotion (N
— 30)
M (SD) M (SD) M (SD)
Word Count 64.40 59.60 62.30 0.52 (.47)
(26.60) (21.20) (34.10)
Authentic Score 70.40 74.00 72.00 0.32 (.57)
(29.30) (27.60) (24.80)
Tone Score 84.40 80.50 73.00 12.28 (.00)
(28.50) (32.60) (34.90)
% Affective | 9.76 (3.10) | 10.10 (4.14) | 9.61 (4.46) | 0.15 (.70)
Words
% Positive Emo- | 3.84 (2.35) | 3.78 (2.62) | 3.64 (2.72) | 0.60 (.44)
tion Words
% Negative Emo- | 0.68 (1.35) | 0.60 (1.48) | 0.93 (1.35) | 2.76 (.10)
tion Words

Table 8.4: Descriptive overview of LIWC variables per participant by condition for all
outputs generated in the user study with F and p-value of the significance test.

8.5 Discussion

This study investigated the emotional intelligence capabilities of LLMs using different
prompting strategies (No-Memory, Memory, Appraisal) and found better performance for
appraisal-prompting strategies when it comes to successfully identifying adequate emotions
in different theoretical situations (Experiment 1). These findings were then used to create
a Chain-of-Emotion architecture for affective game agents that was tested in a role-playing
scenario in terms of content output against traditional LLM architectures (Experiment 2).
Finally, the Chain-of-Emotion architecture was implemented into a custom-made conversa-
tional game to evaluate against No-Memory and Memory architectures in a user evaluation
study (Experiment 3). It was found that the Chain-of-Emotion architecture implementing
appraisal prompting led to qualitatively different content generations quantified via the
LIWC that outperformed the other conditions on multiple user experience items relating

to agent believability and observed emotional intelligence of the agent.
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Overall this study provides early evidence for the potential of language model agents

to understand and simulate emotions in a game context.

8.5.1 Emotional Intelligence in Language Model Agents

As more and more evidence arises for the potential of language models to simulate cognitive
processes of humans [360], I investigated how this could translate to more affect-focused
tasks, specifically emotional intelligence tasks. OpenAl’s GPT-3.5 performed well overall
in situational emotional labelling, providing some evidence for the utility of such models
to identify the most likely emotional reaction for a range of situations. These findings
therefore add to the body of evidence indicating that language models could be useful
to better understand cognitive processes [399|. Importantly, our findings do not only
show that LLMs can solve emotion labelling tasks much better than chance level but
also that the performance is dependent on the underlying prompting strategy. Adapted
from successful chain-of-thought prompting strategies [379], we compared prompts without
context (No-Memory) to prompts with previously answered questions included (Memory)
and to prompts that first ask the model to appraise the situation and then answer the
STEU item (appraisal prompting). This third strategy was built upon findings of modern
psychological research that show that cognitive appraisal processes are important factors
when it comes to human emotion elicitation and understanding [28], [36]. In a recent
study by Li et al. [400], emotionally charged prompts have been shown to improve task
performance for various language models. Similarly, appraisal-prompting led to better
performance in the emotion labelling task compared to the other two conditions. This
finding can be considered from two perspectives: first, it shows that commonly observed
psychological processes might be represented in language and therefore in large language
models, providing more evidence for the utility of such models to simulate human responses
[360]. Second, techniques built upon such observed psychological processes can be used to
improve language model performance for specific tasks and might therefore be considered
when it comes to building architectures for language model agents. Especially this second
point could be of relevance when considering how language model implementations could be
integrated in the future to solve problem-specific tasks. Since performance can be increased
through prompting strategies facilitating few-shot learning [369], [379] and language models
demonstrate representations of a range of psychological constructs [362], building prompts

on these cognitive processes is likely to yield benefits for various tasks.
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8.5 Discussion

From a psychological perspective, appraisal has long been acknowledged to be a central
part of emotion formation, involving both conscious and unconscious cognitive processes
[28], [36]. In its basic definition, appraisal relates to an individual’s relationship to a
given event in terms of different variables (such as personal significance, goal congruence,
etc. [89]). It is not yet clear what specific variables are of importance and how the
process of appraisal interacts with other emotion components on a detailed level [28].
That is to say, appraisal cannot yet be universally modelled and therefore implemented
within a computational system. We may however assume that information that makes
the appraisal process observable and usable is represented in language and therefore also
in LLMs [401]. It can therefore be argued that language models could solve some of the
practicality problems present in the discipline of affective computing [42]. If LLMs can
solve EI tasks through mechanisms mirroring appraisal, we can make use of these models
to potentially build affective agents [39] without the need to fully solve the remaining
theoretical problems in the field of psychology [28]. The use of language models could
therefore be considered a more practical solution to producing useful agents, even if open

questions regarding the understanding of human emotion remain.

8.5.2 User Interaction with Chain-of-Emotion Language Model Agents

Implementing appraisal prompting into a Chain-of-Emotion system (see Fig 8.1 for a
schematic representation), it was possible to test output contents as measured with the
LIWC against other LLM architecture implementations (see Fig. 4 for details on each
condition). For the purposes of this study, the implementation was kept as simple as
possible and only included text storage (memory system) and an appraisal-prompted emo-
tion generation (Appraisal System) before character dialogue was generated. Within a
custom-made role-playing scenario where the agent was used to play out a breakup scenario
with their long-term romantic partner, the Chain-of-Emotion architecture demonstrated
a higher Authenticity score when prompted with controlled prompts that were kept fixed
between all conditions. When tested with players in a custom video game, the Chain-of-
Emotion architecture led to a significantly different Tone score of the language, potentially
signalling the inclusion of more complex emotional responses as observed in the controlled
environment. It is important to note that authenticity was only increased with controlled
prompts and tone was only different with non-controlled player-generated prompts, mean-

ing that the differences in text-generated content was highly influenced by the in-game
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context. The texts generated for the fixed prompts (see Appendix A.3) yielded potentially
more complex emotional responses (for example a mix of melancholy and nostalgia) in the
Chain-of-Emotion condition compared to the other conditions.

This pattern was also observable within the user ratings. The Chain-of-Emotion agent
was rated significantly more natural and responsive than the agent in other conditions,
and additionally more sensitive to the emotions of others. Other items relating to believ-
ability and observed emotional intelligence also showed trends of better performances for
the Chain-of-Emotion condition. Building such an architecture has therefore quantifiable
benefits when it comes to the user experience of artificial agents, which is one of the most
important evaluation criteria, especially in the domain of video games [402]|. Importantly,
no differences in personality aspect ratings (on the classic domains of competency, warmth,
capability, and friendliness) were observed. This could be seen as evidence that all imple-
mented language model agents followed the task of role-playing the given character with
the provided personality. However, the Chain-of-Emotion architecture outperformed the
other architectures in terms of observed emotional intelligence items (quantified via the
STEU score) and believability (quantified via user rating). The proposed architecture
therefore yielded convincing results on multiple evaluation criteria (qualitative character-
istics of content, user-rated believability, user-rated emotional intelligence, in addition to
the previously tested emotion understanding) and can therefore be seen as a step towards
well-functioning affective language model game agents that could solve some of the prob-
lems present in the field [39]. Most importantly, because language model agents have the
ability to simulate human-like cognitive tasks [360], a successful game agent architecture
does not need to solve fundamental problems in theoretical psychology before creating com-
putational implementations as previously considered [41], [42], [47]. Rather, a language
model agent architecture needs to make use of the characteristics of LLMs and implement
systems solving more practical concerns, such as memory tasks (both storing and retrieval
[374]), or performance-enhancing tasks, such as the proposed appraisal-prompting step.
Future research can expand these efforts and test more complex systems and varying game

mechanics and user interfaces.

8.5.3 Limitations

Language models do not simulate the behaviour of a human but provide probable language

outputs that in some form represent human behaviour. That is to say, models are bound

162



8.5 Discussion

to their statistical capabilities even in a theoretical, infinitely trained model [403|. This
means that while there is no doubt of the potential of language models to solve some tasks
with human-like performance [360], other tasks (e.g., truth-telling [403] or casual reasoning
[360]) can pose difficulties. As human affect is a very complex field with various competing
theoretical perspectives, LLMs cannot be seen as accurate simulation machines of affective
human processes. Rather, the provided results show that some psychological processes
can be simulated through their representations in language that can be replicated through
deep learning techniques. Our application is built specifically upon the process of appraisal
[36], which is a well-researched component of human affect. There are however many other
processes involved, including physiological, behavioral, and feeling components that are

points of contention among theorists [28].

Another limitation stems from the simplicity of our implementation. To test this new
kind of architecture for affect simulation, we chose to make all systems as easy as possible.
As shown in the study by Park et al. [374], generative video game agents benefit from
certain implementations of memory systems that can store and retrieve information with
relevancy for the given situation. Since the tested game was rather short and all interac-
tions had relevancy, we did not include a memory-retrieval step, which might be necessary
in longer and more complex games. Similarly, the output was limited to the chosen char-
acteristics and context constraints (i.e., the dating scenario) and any additional challenges
posed by other contexts/characterisations prevalent in video games (e.g., fantasy settings,
historical settings, science fiction settings, etc.) might need further experimentation. LLM
architectures are getting more and more involved with techniques such as chaining [404],
[405], dynamic context [406], function calling (and therefore more complex decision mak-
ing), and more. The experiments presented here were designed to present foundational
insights about the chain of emotions but fully realized affective agents need to be embed-
ded in more complex systems and further evaluated in their ability to simulate emotional
reactions. Furthermore, this study made use of only one LLM (namely OpenAl’'s GPT-3.5)
as we had no access to other models. As described in some early reports (e.g., [407]), newer
models such as GPT-4 likely outperform previous models on various criteria, which likely
influences the impact of strategies such as appraisal prompting and Chain-of-Emotion ar-
chitectures. However, given the domain-specific aims of game character simulation, it can
not be assumed that game companies will want to make use of the most powerful language

models in every case. Providing strategies for improving language model capabilities will
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have value in any case and should inform the process of creating and using appropriate

models to solve emotion understanding and simulation tasks in the future.

8.6 Conclusion

This chapter takes early steps towards understanding the role of LLM within affective video
game systems. It adds to the body of research showcasing the capabilities of LLMs to solve
psychological tasks, namely emotional intelligence items and simulation of believable emo-
tions and how these capabilities could help progress affective game systems. The emotional
information represented through the training data in language models seems to hold the
necessary information that makes inferring plausible affective states to others possible,
corroborating current results showcasing the theory-of-mind abilities of LLMs [361]. The
performance is dependent on prompting strategies - utilizing appraisal prompting increases
emotional intelligence scores. Based on these results, a Chain-of-Emotion architecture for
conversational game scenarios was constructed that implemented an appraisal step to sim-
ulate emotional responses and used the resulting information for dialogue generation. This
new architecture improved the agent’s performance in believably simulating complex emo-
tions (in addition to the previously shown benefits for emotion intelligence). The proposed
system can therefore be seen as a successful step towards demonstrating the role of LLMs
in the emotional player-game loop, specifically as affective game agents implicitly solving
the three main affective computing tasks (emotion measurement, adaptation and elicita-
tion [41]) purely through semantics. It is still necessary to test and refine such systems
and implement them within more complex LLM agents and video games. By further de-
veloping the efforts presented here, fully realized affective artificial agents could be part of
the affective loop and solve some of the problems currently present in affective computing

studies.
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Chapter 9

(zeneral Discussion and Conclusion

This thesis discussed affective games in multiple ways. Following the findings in Chapter 3
that suggested the need for better research integration (specifically modern psychology
research into affective computing work), the Emotion Design framework was constructed.
It provided both a theoretical model of the affective player-game interaction and a practical
guide to develop and evaluate affect-adaptive video games (Chapter 4). The following
chapters made an effort to evaluate the framework itself by applying it to the design
process of a video game (Chapter 5), to the research of play behaviour (Chapter 6), to the
examination of player affect modelling (Chapter 7), and to the development of Al-driven
affective agents (Chapter 8). This chapter will summarize the methodological approaches
and findings of these empirical efforts and discuss general limitations and avenues for future

research.

9.1 Summary of Empirical Work and Contributions

9.1.1 Chapter 3

Affect-adaptive games have gained popularity in recent years, promising benefits for player
experience, performance, and health [44], [45], especially in biofeedback-based games [40].
However, our understanding of the exact nature of these benefits is still incomplete due to
mixed methodologies and theoretical definitions of "affect-adaptation".

This chapter included a systematic review of research on what kind of theoretical basis
affect-adaptive games are being conceptualized, what kind of beneficial effects of playing
affect-adaptive have been found, and how studies are being evaluated. Relevant high-

quality evaluation studies of the effect of affect-adaptive video games on various outcomes
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in regards to their effects, theoretical assumptions, and methodologies were therefore being
evaluated. Out of 3,930 papers, 26 studies were included based on preregistered inclusion
and exclusion criteria.

The reviewed literature highlights positive effects on various player experiences mea-
sures (including enjoyment [204], [206], efficiency [192], [193], and challenge [205]), perfor-
mance and physiological measures [203|, [208], [209], and even learning [212|. However,
while many of these results were promising, they were often based on highly differentiating
assumptions about emotion conceptualization (especially distinct vs. dimensional emo-
tions), measurement labels (e.g. stress [152] vs. arousal [190]) and measurement techniques
(e.g. facial expressions [191] vs. physiology [194] vs. questionnaires [262]). Furthermore,
methodological rigour was uneven across studies and 38% (N = 10) of observed studies
demonstrated medium to high risk of bias (RoB) according to the Cochrane Collaboration’s
tool [179].

While there have been other systematic reviews in the same field (see for example [40],
[44]), none have been found that focus on how specific emotion theoretical approaches are
conceptualized in current research, as well as what affective stimuli are being measured and
how these measures are being evaluated. The findings of this study have revealed three

important observations when it comes to studies investigating affect-adaptive games:

1. A wide variety of outcomes is used to evaluate adaptation effects, mostly with positive
associations (especially for outcomes relating to player experience). While we cannot
draw universal conclusions given that outcome variables were overall imprecisely

defined, affect adaptation seemed to lead to a positive trend in various PX dimensions.

2. Many different emotion theoretical assumptions are being made when evaluating
games and many different emotion measurement instruments are being used for the
purpose of adaptation. While we cannot know how emotions should be conceptual-
ized, we need to at least validate if our emotion measures reflect our interpretation of
the players’ affective states. Only a small sample of the investigated studies directly
tested if the emotion measure reflected the underlying concept of emotion [194], [195],
[210], [215], [262] and even fewer studies additionally validated if the game material
used for adaptation would lead to the expected emotional reaction in players [194],
[195], [210]. Because of this, it is very difficult to compare different affect-adaptation

mechanisms and therefore almost impossible to draw broader conclusions.
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3. Finally, while all investigated studies were high-quality studies defined by a randomized-
control design, a third of the investigated studies showed at least some form of risk
of bias [179]. This finding indicated that the research field of affect adaptation may

need more studies adhering to methodological research standards for controlled trials.

Overall, this study contributes quantification of theoretical and methodological barriers
present in affect-adaptive game studies. While demonstrated effects seem promising, it’s
not possible yet to draw meaningful conclusions that are useful for actual game develop-
ment based on the studies investigated here. One way to potentially address this is the
development of clear standards and theory clarifications that help make affect-adaptive

games robust and comparable.

9.1.2 Chapter 4

The Emotion Design framework was constructed to specifically address the barriers iden-
tified in Chapter 3. It consists of two parts: (a) An interactional model of the affective
data flow between players and adaptive game systems; and (b) a practical framework with
specific steps to follow to construct robust and validated emotion adaptation.

The interactional model was based on the affective feedback loop [27], [47] and expands
the concepts by explicitly including psycho-physiological affective components on the player
side of the game-player interaction. These components include cognitive aspects of emotion
elicitation (specifically appraisal [36]), behavioural, physiological, and subjective feeling
components which represent the main component of interest when designing and developing
emotionally evocative games. It also provides new labels for affective information presented
by the game to elicit player emotions (the domain of emotional output), as well as for
affective information measured by the player to adapt the game (the domain of emotional
input). It provides therefore more structure and clarity to emotion theoretical concepts and
how they relate to each other within human-computer interactions. One important aspect
of the model is the notion that emotion elicitation and expression are highly dependent
on individual differences [90], [111] and context [105], [106]. It is therefore necessary
to validate game material (potential emotional output) and player measures (potential
emotional input) by testing associations with subjective player experience for the target
players within a specified game context.

The methodological framework that accompanies the interactional model guides crucial

standardized steps towards making solid, comparable affective games that explicitly test
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any theoretical affective assumptions to improve the overall reliability and validity of the

development process of such games. This process functions within two domains:

e First Domain: Design Emotional Output. Emotional output relates to stimuli po-
tentially eliciting the target emotion. The standardized process must include explicit
testing of the game stimuli for the potential to truly elicit the target emotion within

the target audience.

e Second Domain: Integrate Emotional Input. Emotional input relates to player data
that might indicate the target emotion. The standardized process must include
explicit testing of the user data and how it predicts the target emotion for the target

audience.

The framework was created to help construct affect-adaptive games that are compara-
ble and not reliant on potentially outdated or oversimplified theoretical assumptions. It
is argued that it can help designers and researchers conceptualize affect adaptation for
all kinds of video games and plan the development process in a standardized manner.
Importantly, the framework does not claim to solve all problems present in the field (espe-
cially given the fundamental theoretical uncertainty in the field of emotion research [28]).
However, it provides concepts, labels, and tools for developers and researchers to gather
and evaluate all necessary information within the affective player-game interaction and
construct affect-adaptive systems according to our current knowledge in the domains of

psychology, design, and computer science.

9.1.3 Chapter 5

The Emotion Design framework is based on wide-ranging literature research and the empir-
ical data found in Chapter 3. However, the value of the introduced concepts and methodol-
ogy can only be assessed if it is thoroughly empirically tested. Chapter 5 was constructed
with two experiments to evaluate the process model within the development cycle of an
affect-adaptive video game.

In Experiment 1, 161 participants played through a newly developed 2D action arcade
game. Their data was used to identify associations between game input, presented mate-
rial, and affective valence. In the context of the game, three potential emotional output
variables have been taken into consideration: enemy attack speed, musical tempo, and

synchronization between attacks and music. The results demonstrated that attack speed
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had a significant impact on the subjective target emotion (valence) and was deemed an
appropriate emotional output for adaptation. A prediction model implementing the num-
ber of blocks and number of deaths as predictors for subjective valence has been identified
as the best-fitting model and therefore as the best representation of emotional input for
this game. The main contribution of this study is to showcase possible use cases for the
methodological framework. Specifically, this study assessed affective associations between
3 possible emotional output variables (enemy speed, musical tempo, and music synchro-
nization), but only found one significant effect (enemy speed predicting subjective valence).
Even though the other candidate variables were based on foundational research [270]-[272],
within the context of the game participants were only meaningfully influenced by enemy
speed when quantifying valence. Similarly, 8 in-game variables were considered as poten-
tial emotional input (indications for the player’s affective state), but the best-performing
regression model only included 2 (number of blocks and number of deaths) to best predict
subjective valence. This process therefore demonstrates the importance of a user research
step given a specific game and player base.

In Experiment 2, 158 participants were randomly allocated to play either one of two new
adaptive versions of the game or a non-adaptive control version. The player-based adapta-
tion used the previously identified prediction model (which used the number of blocks and
number of deaths as relevant data sources) to inform when and how attack speed would
adapt to increase subjective valence. The level-based adaptation changed the attack speed
purely based on the currently played level. A significant increase in self-reported valence
was found for the player-adaptive game version compared to both other conditions. This
study therefore provides evidence that this process can be utilized to create effective affect-
adaptive video games. It further demonstrates that such an adaptation is not dependent
on physiological data (which is the standard for affect adaptation [39], [40]), but can be

achieved by in-game behavioural data of players.

9.1.4 Chapter 6

"Emotional output" in the context of the Emotion Design framework relates to game mate-
rial with the potential to elicit a target emotion in the player. From a broader perspective,
it bridges the complex nature of modern video games to the even more complex psychology
of human emotions. This construct explains a fundamental part of the player-game inter-

action and helps us understand real-life observations that involve play behaviours. One
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such observation is the demand for certain types of video games during the COVID-19
pandemic.

The COVID-19 pandemic has been a major source of stress for a majority of people
[289], [290] with potentially negative long-term effects on mental health and well-being
[294], [297]. There have been recent reports of potential positive effects on stress relief in
video games, especially games that relate to the target emotion of “relaxation” in some form
[305], [306]. Utilizing the Steam relaxation tag to group individual games into "relaxing"
and "non-relaxing" games and matching sets by player counts pre-pandemic, a quasi-
experiment was conducted investigating the average daily player peak (ADPP) for the
COVID-period against the pre-COVID period for a matched test set of 143 video games.
A medium-sized increase of ADPPs over all types of games but no difference between
relaxing games and non-relaxing games.

This study provides insights about player behaviour during a highly stressful time. The
overall rise in video game play fits prior research showing increased screen time during the
pandemic [309], [310], but it also uncovered that this was not more the case for "relaxing"
games. In fact, different to many other studies focusing on "relaxation games" to evidence
the stress-relieving aspect of video games (e.g. [339], [340]), this study showed that re-
laxation is not necessarily a characteristic of a game, but rather a characteristic emerging
from game-player interactions. This study provides further evidence of the usefulness of the
emotion design framework as it conceptualizes this interaction and is useful in providing
possible explanations for such effects. Emotional output as game material evoking a target
emotion is dependent on the audience - on context and individual differences specifically.
Furthermore, this study showcases how large-scale analyses of available gameplay data can
be utilized to examine human behaviour in highly stressful times. How humans interact
with games can indicate a deeper truth about the nature of behaviour and emotions [37],

[408].

9.1.5 Chapter 7

The counterpart of emotional output is "emotional input" and relates to player data that
provides some indication of the experienced target emotion within the player. There are
behavioural, physiological, motoric, and even semantic aspects of human emotion that can
be parsed into a game system to indicate affective states. But similar to emotional output,

emotional input cannot be put into a universal schema that takes in human data and out-
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puts an emotion for every person in every situation alike. To illustrate this, this chapter
expanded on an experiment by Sullivan et al. [346], where 64 participants were allocated
into a sleep-deprivation and sleep-rest group and then played through a 10-minute cus-
tom VR horror experience while their physiology and positional data were measured. A
mixed linear regression model was used to predict the subjective valence of each partici-
pant throughout the experience. It was found that these valence measures were predicted
differently between groups and that positional measures interacted with the group in how
well they predicted valence. It was furthermore found that physiological measures did not
contribute meaningfully to valence prediction, further indicating the limitations of physi-
ology measures in predicting affective states universally [32]. This study therefore provides
evidence that the usefulness of physiology and position measures are dependent on many
factors and cannot be assumed "objective universal measures" of affective states. While
physiology did not improve the prediction model at all, position measures did significantly
predict valence. They also contributed to valence prediction in interaction with the group
condition, demonstrating that the statistical relationship between body movement and sub-
jective experience in this VR horror world was at least partly moderated by the amount of
sleep the participants had. Again, these effects can be explained within the emotional feed-
back loop that indicates the necessity to validate the influences of individual differences
and context to specific emotion measures. Emotional input as player data indicating a
target emotion is dependent on the audience and the situation the audience is in. Broadly
speaking, these findings add to the body of research showcasing the complexity of emotion
elicitation and measurement |28, [32], [97], [254] that make one-to-one mappings between
specific affective states and measurement outputs questionable. Emotions are embedded
into a complex system with many components that are influenced by our surroundings and
our internal states [36], [38]. However, it is not relevant to understand everything to build
a useful statistical model of a game-player interaction. As this study shows, we cannot
make universal assumptions, but we can try to find useful emotional input sources to model
affective player states. Again, the emotional feedback loop can help us understand this
process and relate our observations to known components of the emotional player-game

relationship.
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9.1.6 Chapter 8

Generally speaking, the emotional player-game relationship is an important concept for
all kinds of games given that fundamentally games are about creating experiences [21].
With more technological progress, new types of affective games become possible that still
are represented through an emotional feedback loop. Making use of evolving technologies
is an important part of game development and understanding the interactions between
players and games when it comes to affective information can help further applications
of new technologies and therefore evolve what affective games are capable of. Large lan-
guage models for example have shown a potential to understand and simulate human-like
behaviour purely from semantic information. Given that semantic information plays a big
role in how we conceptualize and view emotions [38], [409] and how cognitive processes play
a role in emotion elicitation and expression [29], [36] large language models hold potential
to power successful affective systems that interact with users on a semantic basis.

To test the theory that language model agents would also be able to simulate an under-
standing of appropriate emotional reactions, OpenAl’s GPT-3.5-turbo model was used to
solve emotional intelligence tasks through the Situational Test of Emotional Understand-
ing (STEU; [386]). Results showed that the language models were able to correctly solve
57% of the tasks in a baseline condition, but could be improved to solve 83% of the tasks
by adapting the prompt for the models to include instructions to appraise the situation
first before indicating the appropriate emotional reaction, mirroring cognitive processes
in human connected to appraisal [36]. This chapter contributes very early evidence that
LLMs have the ability to not just emulate purely cognitive processes [360], but also affec-
tive processes. It furthers our understanding of technological capabilities, but also of how
mental constructs are represented in language in a way that makes simulation possible
through complex machine learning techniques. Furthermore, considering the emotional
feedback loop, this study demonstrates that designing an LLM-based emotional under-
standing system can be enhanced by mimicking the affective information flow in the player
component.

In a second and third study, a new LLM game architecture was created that imple-
mented an appraisal system within a game agent to make semantic emotion simulation
possible. This Chain-Of-Emotion architecture which builds upon design patterns like chain-
of-thought [379] significantly outperformed control architectures on a range of user ratings

(notably believability and sensitivity to emotions of others) and content analysis scores
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(authenticity). This architecture can be considered an early example that purely seman-
tic LLM-based game systems can effectively adapt to human input in an affective game
scenario and create believable emotion simulations. In this example, both emotional input
and emotional output were represented as text in a conversational video game, which led
to an emotional player-game interaction mimicking real human-to-human conversations.
It therefore contributes to our knowledge of how LLM could be used to build effective
emotional systems and also uses prior work represented in the emotional feedback loop to
make improvements possible. With new technologies, new types of affective game systems
will be possible, and if properly integrated into our knowledge about the human psyche

and player-game interactions, these systems show improvement.

9.2 Progressing Affective Systems

As stated in the Introduction of this thesis, the main objective of this thesis was to fur-
ther our understanding of affective interactivity in video games by providing a framework
that addressed theoretical and methodological barriers in the field. The Emotion Design
framework was created to specifically target such common barriers, including theoretical
uncertainties in fundamental psychological research, conceptual fuzzyness when it comes
to relevant affective game components, unclear process steps when developing affective
games, and a lack of standards and criteria in affective game evaluations.

By the nature of the framework, it is meant to be applicable in various contexts where
these barriers pose practical problems. The following section will outline some of these

usecases explicitly.

9.2.1 Emotion Design for Game Designers

In game design practice, the concepts introduced in this thesis can hold immediate po-
tential benefit by structuring the necessary parts of the emotional game-player interaction
that could be relevant for a certain design. For example, through the concept or emotional
output, designers gain the tools to describe and explore specific game stimuli and their
ability to elicit certain player emotions. Emotional output is defined as any material that
has the potential to elicit a target emotion and the elicitation process is outlined as a
multi-componential affective process involving appraisal, individual differences, and con-

textual differences. Therefore, a specific feature that needs to elicit a certain emotion can
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be described and tested with these factors in mind. In Chapter 5, The Flow Experience
made use of this by specifically testing the relationship between enemy attack speed and
enjoyment measured as subjective valence for individual users. Another game might specif-
ically test the relationship between a puzzle layout and frustration or a cutscene event and
fear. In other words, what in practice might often be addressed implicitly [129], [235] can
be more clearly defined and explicitly tested through the framework.

Similarly, emotional input is defined as any data that might be used to infer player
emotions. A game design that relies on optimizing a specific experience can through the
framework directly identify and test candidate data sources. The Flow Experience made
use of this by modelling subjective valence with in-game player data as predictors, which
resulted in an adaptive version of the game that succesfully increased the enjoyment (see
Chapter 5). Another game might want to identify useful data sources to measure sadness in
an attempt to optimize for a certain narrative experience or identify relaxation to provide
gamified emotion regulation trainings. To achieve this, the framework provides relevant
constructs, explores key literature, and describes possible measurement instruments to
enable game designers to approach their specific needs in a way that avoids common pitfalls

(see, for example, discussions of the applied affective games in Chapter 3).

9.2.2 Emotion Design for Researchers

The origin of the theory-practice gap discussed in Chapter 3 can be traced back to the dis-
agreement and unknowns present in fundamental psychological research. While countless
findings have shaped our understanding of emotions in the last years, there is still much to
learn and even basic theoretical disagreements are not yet resolved [28]. Applying emotion
theories in practical applications, such as game applications, could help answer some of
the open questions present in the field.

The Emotion Design framework was designed to bridge our current scientific knowledge
with real design practice. Potential usecases therefore include the design and develop-
ment of affective games discussed in the previous section, but also applied game research.
Chapter 6 examined player behaviour during the COVID-19 pandemic and therefore more
generally emotion regulation in highly stressful times. Through the lense of the Emotion
Design framework, patterns found in the large body of player data helped identify new
knowledge gaps and propose possible explanations of how video game characteristics re-

late to individual stress management strategies. Chapter 7 on the other hand researched
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emotion modeling techniques in a complex VR environment and how circumstantial player
characteristics could impact measurements.

The player model and emotional information domains described in the framework
helped to put these two studies into context and guided part of the methodologies (par-
ticularly data acquisition and analysis of Chapter 7). It can be used to frame theoretical
assumptions, explain findings, and guide the process of building applied game scenarios

for research purposes.

9.2.3 Emotion Design for Affective System Engineers

With the rise of intelligent systems, a new interest has emerged in affective systems, not
only for video games, but for computers in general. Traditionally, the development of
affective systems was limited by both theoretical certainty and technological advancements
[42], [142]. The Emotion Design framework identifies and acknowledges these gaps and
provides consolidation work to guide affective system developments given the current state-
of-the-art.

Chapter 8 provides an example of how a new large language model affective system
could be conceived, implemented into an interactional game, and evaluated for relevant
factors. More specifically, the chain-of-emotion architecture builds upon the affective sys-
tem model of the Emotion Design framework by simulating appraisal processes (which are
conceptually intergrated in the affective player model) through a large language model
architecture. This led to a functioning, believable affective agent that engages on an emo-
tional level with the player. Emotional information (emotional input and emotional output)
was conceptualized semantically and supported both the development of the system itself
and the evaluation criteria.

Again, the consolidation efforts of the framework bridge knowledge from emotion re-
search and design practice and therefore provide some fundamental concepts to make
progress in the field of affective systems easier. Building upon these efforts, new affec-
tive systems could take these concepts into consideration of more robust systems (e.g.,
simulating affective individual or cultural differences in emotion elicitation). Concepts of
emotional output and input can guide evaluation criteria (e.g., does the system emulate
the desired affective reaction? Does the system measure the correct emotional reaction
from the user?). The framework itself is deliberately fluid to allow for both theoretical and

technological progress.
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9.3 Limitations and Future Directions

The Emotion Design framework was constructed out of the findings of affective game
evaluation studies showing inconsistent theoretical and methodological approaches. It has
been applied to multiple different types of games and interactive scenarios to present use
cases and validate the presented process. However, this work comes with several limitations

that need to be acknowledged to outline potential paths of future research.

9.3.1 The Emotion Design Framework

The emotional feedback loop addresses some of the concerns identified in Chapter 3 by
integrating modern psychological and HCI theories into one robust, interactional model of
the affective player-game interaction. In doing so, it makes use of contemporary knowledge
of emotions to construct a player component and contemporary knowledge of affective
systems to create a game component and connects these via two domains of affective
information.

One major barrier to applications making use of psychological theories is that these
theories often involve simplified, abstract representations of complex processes. Emotions
in particular have been extensively studied but are still not well understood [28], [97]. This
means that fundamental aspects of emotions could be revealed in the future that completely
change our definition of how a player component should function. The framework integrates
emotion components that have been agreed upon by most theorists [29] and focuses on
giving developers robust tools to make affective user research themselves. Its robustness,
therefore, comes from its limited use of hard assumptions. Emotions can be conceptualized
as dimensional representations or as distinct categorical states while integrated into the
framework. The aim was to make the framework useful despite our limited knowledge,
which naturally leads to limited precision in terms of theoretical definitions. The framework
cannot answer questions even the most current science is unsure about. It cannot be used
to explain complex psychological processes in detail. Instead, it is an open model and a
toolbox that can be iterated with further progression of knowledge. This is not only true
for the player component, but also for the game component. The feedback loop defines
three modules of the game component: A detection module, an adaptation module, and an
elicitation module. These exist only to define basic functionalities of affective systems, but
do not provide a proper architecture to build them, since they need to be open to further

technological progress [47].
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The framework is therefore created with an emphasis on practicality, although the pro-
cess presented in this thesis does come with a cost. Both domains of affective information
introduced in the framework (emotional output and emotional input) are necessary for
adaptivity, but contemporary research shows that there are few assumptions regarding
these domains that hold true across populations and contexts. As a consequence, user
tests become an integral part of fundamental design decisions. Depending on the target
emotion, there are few validated measurement instruments, so exploratory fundamental re-
search is necessary to even find ways to detect the target emotion, which might not even be
practical in a production environment. Depending on the difference between players, some
games might need to implement very complex player models that are costly to develop
and run and might have limited benefits [410]. Still, as user research is an important part
of many game projects already [241], the additional resources necessary to create a more
emotionally adapted game compared to potential gains [47] really depends on the project
and the aims. While cost could exponentially grow when adapting every single game el-
ement to every possible player and situation, there are many examples of the benefits of
some kind of emotion adaptivity, ranging from broad game aspects [44] to complex proce-
durally generated game worlds [158]. Adaptivity can bring a game closer to the intended
experience but can become very costly for high levels of personalization. Since humans
are not purely reactive, but active participants in constructing their experiences [38], it
can be argued that the main potential of the process lies not within completely personal-
ized experiences for every player in every situation, but for specific gaps between intended
experience and observed experience. As of now, there is more work necessary to gauge
how costs and benefits balance for different types of projects and levels of adaptation and
how the framework can evolve the more knowledge we achieve in the fields of psychology,

design, and affective computing.

This specifically means that the value of the framework for practitioners can only
currently be assessed by the examples given in this thesis. In the previous section, I
discussed potential usecases but a necessary limitation of this thesis is the lack of concrete
guidelines. There are countless design practice approaches, potential research projects,
and engineering efforts that could benefit from concepts introduced in the framework on a
theoretical level. A robust integration is however still in need of more work: How should
the practical guide in the framework applied to large scale game projects to optimise cost

and benefit? How can academic researchers make simple use of a robust affective game
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to research fundamental questions about the human psyche? Are evaluation strategies
outlined in this thesis sufficient for assessing new and progressive affective technology?
The most immediate research gaps lie between the introduced concepts here and specific,
actionable sets of guides. As described, game designers can use the framework to gain
crucial understanding of the emotional potential of their games and the affective reactions
of the players. Integration of this knowledge in design practice needs to be examined in
terms of scale, practicality, cost, generalisability, and proposed benefits in order to create
in order to concretely guide this process in the future.

Whit that in mind, this thesis provides various data-driven examples of how the pro-
posed workflow can benefit game development and research in various ways. As it stands,
these examples are not scalable to all aspects of industry or research practice but provide
glimpses of the potential of the provided consolidation work that should be expanded into
various concrete practice examples to maximise the proposed benefits. The limits of the
framework in terms of applications are not clear, as is the potential for iterating and im-
proving the provided concepts. However, the studies collected here show a clear potential
of the framework to guide progressive work in affective system development and research
on a broad level. It that sense more targeted application guidelines for specific use cases

are likely to enhance the potential gains of the Emotion Design framework.

9.3.2 Understanding Players

Multiple studies have been conducted that make use of the Emotion Design framework to
build or analyse emotional interactions between players and games. On a general level,
these studies show the potential of the framework to (a) build successful affective games
and (b) understand observations relating to player affect. However, it is important to
note that these studies do not allow for definite conclusions about the exact nature of the
observed results. In fact, it can be argued that there are too many unknowns in our un-
derstanding of emotions to provide precise explanations of many of the findings. A deeper
exploration of the relationship between emotion components is currently a central topic
in psychological research, which includes some new discussions about how many distinct
emotional states exist and how they can ideally be labelled and differentiated [35]. Progress
in this field will lead to a better classification and description of emotions, as well as an im-
proved way to design for specific emotion elicitation. A more elaborate and accurate model

integrated with the framework would aid the development of a complete emotional engine
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in games that could simulate emotional states (for example in NPCs) or reflect the real-
time affective reactions of players [39], [142], [266]. Presently, the psychological basis for
many observations made in this thesis is not clear, for example, why the number of blocks
and the number of deaths best predicted valence in Chapter 5 or why relaxation games
did not differ from other games in player peak growth during the pandemic in Chapter 6.
The Emotion Design framework acknowledges these observations and implements them
within a useful methodological process, but it cannot provide definitive answers. The most
pressing conclusion the framework helps to find is that developers and researchers need
to take actual player experience into account and must explicitly test their assumptions
about emotional input and emotional output. It is currently necessary to test associations
between game characteristics, player input, and emotional experience with consideration
to individual differences and context. It may be possible that certain game characteris-
tics have universal affective effects or that certain measurement techniques help recognize
universal affective patterns. However, the presented evidence strongly points towards the
notion that we cannot blindly assume universal bindings between video game material,

player input, and target emotion.

This does not mean that the presented findings cannot be used to infer information
about broader human behaviour. It is an explicit aim of this work to help shape our knowl-
edge of human experience in interaction with affective game systems. How we interact with
games can lead to more knowledge about psychology in general and as shown in Chapter 6
and Chapter 7, the framework can help construct research to better understand human
emotions in game interactions. Evidencing the importance of user research, individual
differences and context is however only the first step. More research is needed to fully
understand the intricacies of emotion elicitation and expression within the player-game
loop. Every study provided here leads to interesting further questions that need more
research to address: What are the mechanisms that lead to the same stimuli leading to
different emotions in players? What are the mechanisms that lead to player state (in the
context of this thesis specifically sleep deprivation) leading to different mappings between
body position and subjective experience? This thesis contributes many interesting obser-
vations of affective player-game interactions, but cannot explain these in detail. It should
therefore be seen as a first step towards better (and more standardized and comparable)
research in the field. In this sense, this thesis demonstrates that games can provide im-

portant data to increase our understanding of emotions. As the process of designing for
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emotions gets better understood, the relationship between appraisal, emotion components,
individual differences, contextual differences, and how emotions evolve over time will have
data-driven evidence for specific (and potentially very complex) target emotions. We only
begin to understand the satisfaction of negative emotions or the gradual differences be-
tween states and games offer a great interactive environment to explore these emotions in
an experimental setting. Games also provide a unique opportunity to process large sets
of emotional data in a bottom-up approach, meaning emotion models can be created by
investigating patterns in raw data [411], [412]. A mixed-methods approach of theory-driven
and data-driven emotion models investigated through games could provide much-needed
empirical evidence that brings us closer to a comprehensive understanding of the nature

of emotions.

9.3.3 The Future of Affective Games

One explicit aim of this thesis was to advance the affective design process for video games
as it could lead to intense emotional experiences and affect-aware games. Future tech-
nologies will open up implementation possibilities, such as affect-based procedural content
generation (PCQG), i.e. the automatic generation of game elements through machine learn-
ing algorithms that are based on the momentary emotional profiles of the players. Work
already moves in a direction to build stimuli automatically based on models of player ex-
periences and this approach will offer many possibilities for fully or partially automated
game design practices that are emotion-adaptive [158], [231]. With more and better mea-
surement techniques, it will also be viable to create new possibilities of game interactions.
More and more game interfaces are being developed, like portable EEG systems or face
recognition software from webcams [47] that will only improve the ways people interact
with games. Recent empirical studies already showcase the potential for affective interface
design in regards to user experience [157], and the normalization of sensor integrations,
like eye gaze in VR or EDA sensors in controllers, will open up many more possibilities to
explore [257].

Chapter 8 demonstrates how a completely new technology can be used within the
emotional feedback loop to create new kinds of affective systems. It provides a useful
architecture based on the framework to create affective LLM agents. Because many of these
new avenues are fairly young and rapidly evolving, we cannot yet provide a deep exploration

of how to best construct affective systems. Chapter 8 in particular provides a first, research-
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driven step towards further investigations of how an LLM-driven affective engine might look
like in the future. The potential of affective video games in multiple different forms can be
observed from each empirical chapter of this thesis, but full implementation details remain
a task for future research. The main aim of this thesis is to provide theoretical models and
technical process illustrations to avoid unfounded theoretical assumptions. The presented
work can be seen as robust to theoretical uncertainties, but it does not account for the full

spectrum of human emotional responses or technological possibilities.

9.4 Conclusion

This thesis examined affective games, specifically the question of how they function the-
oretically and how they can be practically implemented. Overall, this thesis provides a
theoretical and practical framework for affective games that can be used to examine the
emotional player-game relationship and create new kinds of emotional video game experi-
ences for players.

One additional aim of this thesis is to push for better interdisciplinary exchange, which
ideally includes theory integration, study collaboration, and data sharing (see [266] for
more details on how affective computing research tries to achieve this). As illustrated in
this thesis, emotion design emerges through the game-player interaction based on findings
in psychology, design, and HCI. Games research has the potential to deeply explore the
relationships between these disciplines and connect knowledge that benefits research and
industry. As data is desperately needed to fill gaps in all aforementioned areas, games
could be used to gather data from specific sensors, objective behaviour, or in-game inputs.
There is a massive amount of under-utilized data in games that could help to provide
evidence for many more research questions [242|, which exceeds the presented areas to other
behavioural, social, or even medical disciplines. Emotion research, design, and affective
computing are all very complex fields that constantly evolve, making research integration
progressively difficult. Still, interdisciplinary research has a crucial role in furthering our
understanding of the world. In this sense, this thesis was written with the hope of creating a
more unified expression of theoretical work, which could serve as a foundation for achieving

closer knowledge exchange.
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A.1 Chapter 3: The Theory-Practice Gap

Table A.1: Complete list of studies included in the review with

summaries of aims, methods, and conclusions.

Authors Aims/Objectives

Methods

Results and Conclusions

[187] To develop and eval-
uate a game balanc-
ing system based on fa-
cial expression recogni-
tion with the aim to

enhance player experi-

ence.

Two groups of 30 participants
(68% male) played either a
2D platformer or 3D shooter
in two conditions: Affect-
adaptive vs. non-adaptive.
Participants  answered a
subsequent player experience

questionnaire [180].

The adaptive versions of both
genres showed significant im-
provements in experience do-
mains such as immersion,
flow, challenge, and positive
affect. No differences were
found negative affect and only
for the 2D platformer for

competence.

Continued on next page
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[152]

188

[190]

To prove practicality
of ubiquitous biofeed-
back serious games by
developing and eval-
uating a physiology-
based stress manage-

ment game.

To develop a mental

state-adaptive FPS
and  evaluate  the
adaptation against

performance-based
adaptation in terms of

enjoyment and scoring.

To apply emotion-
based difficulty adjust-
ment based on facial
recognition to a hor-

ror game to improve

player satisfaction.

Exp 1: 15 participants (60%
male; mean age 33.47 years)
played a biofeedback game
with stressful/relaxing tasks
to test if physiological stress
corresponded to game adap-
tation. Exp 2: 12 par-
ticipants (58% male; mean
age 33.92) played an adap-
tive vs. non-adaptive version
for 5 days each and answered
a post-treatment question-
naire.

21 participants (76% male);
age range 19-27; efforts
made to validate affective
measurement and emotion
elicitation through the game
before

evaluation;  partic-

ipants played affect- and
performance-adapted game
with HR and EEG sensors
and answered adapted GEQ
[189] questions (5 items).

31 participants (unspecified
demographics) played two
versions of a survival hor-
ror game: One with diffi-
culty adjustment based on fa-
cial expressions and one with-
out. Evaluation was based on
number of observed positive

and low-arousal emotions.

The game demonstrated a
good reflection of physiologi-
cal stress as presented in ex-
periment 1. Experiment 2
showed that the adaptive ver-
sion provided a better men-
tal stress reduction over five
days. Limitations are dis-

cussed in terms of generaliz-

ability.

Performance-based adapta-
tion resulted in significantly
higher flow-experience scores
better

and  significantly

performance compared to
affect-adaptation. Discussion
states small sample size and
lack of generalizability as
possible reasons, as well
as the limited number of
predicted affective states.

The adaptive game provided
observed

significantly less

positive valence-emotions

and low-arousal emotions,
which is argued to show a
successful fear experience.
Descriptive and qualitative
data was provided to show
good player satisfaction for

the adaptive game.

Continued on next page
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[191] To develop an online
game difficulty per-
sonality system based

on Facial Expression

Analysis (FEA)

evaluate it within a

popular platformer.

[192] To clarify how affect-
based game adaptation
can improve implicit
recognition of playing
styles and performance

within a 3D puzzle

game.

Exp 1: 38 participants (47%
male); mean age 35.1; partic-
ipants played through three
versions of an Arcade game
with FEA sensors to eval-
uate prediction of perceived
difficulty; Exp 2: 10 (with-
out head pose analysis) and
25 (with head pose analy-
sis) (80% male); participants
played a static and person-
alized version of a 2D plat-
former and rated their pref-
erence.

30 participants (60% male);
mean age 31; participants
played a 3D puzzle game
with and without affective-
adaptation controls in a ran-
domized order and answered
a post-game questionnaire in-
dicating playing styles and

adaptation enjoyment.

Perceived difficulty was mea-
surable through FEA, which
provided the possibility to
create an heuristic online per-
sonalization system that was
preferred by players when
used in a 2D platformer, com-
pared to a static game ver-
sion.  Similar results were
found for a modelling ap-
proach that includes head

pose analysis.

Recognition of playing styles
yielded a good accuracy
within a game combining
affective and performance
adaptation.  The adaptive
version of the game showed
higher performance and good
enjoyment ratings. Limita-

tions are discussed in terms

of generalizability.

Continued on next page
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[193]

[194]

To propose and test a
linear regression-based
model to recognize
player styles and test

it within an affect-

adaptive game.

To compare five
difficulty adjust-
ment  methods in

a video game, in-
cluding manual,
random, performance-
based, personality-
performance-based
and physiology-
personality-

performance-based.

Exp 1: 34 participants (53%
male); mean age 26.85; par-
ticipants played through an
adaptive and non-adaptive
VR puzzle game and an-
swered playing style ques-
tionnaires [413], [414]. Exp
(60%

male); mean age 31.87; same

2: 30 participants

setup to validate playing-

style recognition.

50 participants (74% male;

mean age 25.1) played
one of five game versions
which adapts difficulty: (a)
manually, (b) randomly,
(¢) performance-based, (d)
personality-performance-

based, (e)  physiology-
personality-performance-

based. Experience was
measured through Intrinsic
Motivation Inventory [181]
and Flow Experience Mea-

sure [182].

Playing style recognition
through affect-related and
gameplay data was achieved
with an accuracy between
73% and 84% and adaptation
based on affective data led to
improvement in effectiveness,
efficiency, and difficulty of a
puzzle game. Combination
of affective adaptation and
playing style-adaptation is
recommended.

Physiology-based  affective
adaptation did not lead to
an improvement in game
experience, compared to any
other group. Physiology-
based adaptation may show
promising results in vali-
dation studies but do not
experience-

if all

guarantee user
improvements, even
affective  relationships are
tested in a preceding open

loop study.

Continued on next page
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Ewing2016Evatiestiom Lowp vali-
date a psychophysio-
logical model between
a player and a game
and apply it to an

affect-adaptive game.

[197] To propose

proach of

based difficulty adjust-
ment using self-report
measures and evaluate

it empirically.

Exp 1 20 participants
(45% male; age range 19-36)
played Tetris with EEG
sensors equipped, followed
by subjective questionnaires;
Exp 2: 10 participants (40%
male) played 3 affect-model
adaptive game versions and
a manual-adaptive version
for difficulty adjustment and
answered affective and player
questionnaires

experience

[183], [196]

66 participants (73% male;
mean age 30) played a 2D
platformer with emotion-
adaptive difficulty, increasing
difficulty, and fixed difficulty.
Differences are reported in
terms of the Intrinsic Motiva-
tion Inventory [181] and the
Player Experience Inventory

[184].

The presented 2-step pro-
cess to associate physiologi-
cal data to psychological con-
struct resulted in valid pre-
dictions for cognitive demand
and effort using EEG mea-
sures. The evaluated adapted
game showed no improvement
in most of the used experi-
ence measures. Results are
discussed in their utility of
a conceptual process model
to develop theory-based affec-
tive games.

The emotion-adaptive game
shows increased player expe-
rience ratings compared to
both control groups. Addi-
tionally, in-game dialogue-
based subjective emotion
measures showed a high
accuracy. Limitations are
discussed in terms of more
possible comparison groups

(such as performance-based).

Continued on next page
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[199]

[200]

[202]

To implement and
evaluate an Al experi-
ence manager to keep
players on a predefined
emotion trajectory
within a narrative

video game.

To test if gestures
can be used to recog-
nize emotional states
and adapt music to

these states using a VR

game.

To assess the useful-
ness of physiological
data to increase rap-
port with NPCs in an
action RPG.

Exp 1: 294 participants (50%
male; mean age 19) played ei-
ther a game managed by the
PACE Al experience manager
or by a random model and
rated their experience scores.
Exp 2: 39 participants (41%
male; mean age 20); same
setup as Exp 1, but with
a preceding calibrating task
[185].

22 participants (67% male);
mean age 29.09; participants;
participants played either an
adaptive (gesture-based fear
recognition to change mu-
sic) or non-adaptive VR game
and rated presence via the

SUS [201].

16 participants (63% male;
age range 18-34) were as-
signed to either a adaptive
or non-adaptive game version
utilizing EMG and EDA data
to change NPC behaviour.
Rapport was measured with 3

items on a 9-point likert scale.

Experiment 1 showed no
statistical difference between
groups, possibly based on a
missing calibration as a form
of reference. As a con-
sequence, Experiment 2 in-
troduced a calibration task,
but again there were no sig-
nificant differences observed,
leading to inconclusive re-
sults.

Head gesture was found suf-
ficient to detect fear, but no
other emotional state. Fear-
adaptive music in a VR world
was shown to increase per-
ceived presence of players
compared to a control game.
Limitations are reported in
terms of the system’s respon-
siveness.

Evaluation showed no differ-
ence in rapport ratings be-
tween adaptive and control
group, but qualitative ques-

tions indicate enjoyment of

the adaptation.

Continued on next page
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[203]

[204]

To propose and eval-
uate an educational
game with affective
induction through a
fuzzy system analyz-
ing performance and

emotional states.

To design and imple-
ment an affect-based
difficulty adjustment
system based on anx-
and

iety  measures

evaluate its effect.

40 participants (unspecified
demographics) played both
an educational game with lin-
ear and with affective dif-
ficulty adjustment based on
voice recordings. In-game
performance and emotional

reactions are used as evalua-

tion.

Exp 1: 15 participants (47%
male; age range 18-34) played
six sessions of Pacman over
two months while physiolog-
ical data (HR, EMG, EDA)
and subjective reports of anx-
iety were assessed to cre-
ate an emotion model. Exp
2: 9 participants (unspec-
ified demographics) played
both a performance- based
and anxiety-based adapted
game and answered questions
about their anxiety, enjoy-
ment,

challenge, and per-

ceived performance.

A previously tested emotion
classified showed medium to
high accuracy for valence and
arousal dimensions. The
adaptive game showed signif-
icant improvements in expe-
rience of pleasant-high states
and reduction in unpleasant-
low states. Adapting both
difficulty and aesthetics was
considered a promising ap-
proach.

Anxiety was accurately pre-
dicted (88%) with the cre-
ated emotion model (Regres-
sion Tree) through a combi-
nation of physiological mea-
sures.  Significant improve-
ments for enjoyment, chal-
lenge, and perceived perfor-
mance was reported for the
affect-adaptive game com-
pared to the performance-
adaptive, with no significant

difference for reported anxi-

ety.

Continued on next page
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[205]

[206]

To test is facial expres-
sion recognition can be
used to dynamically
balance a game and en-

hance the experience.

To create and evaluate
an affective game en-
gine to test how player
abilities, enemy design,
and environment influ-
ences performance and

effect.

32 participants (unspecified
demographics) played both
a facial expression-adaptive
and non-adaptive game and
answered the Immersive Ex-
perience Questionnaire (20

items; [183])

16 participants (34% male;

age range 18-32) played

through four game conditions
(control, player adapted,
NPC adapted, environment
adapted) with EDA-based
adaptation. Dependent
measures included skin con-
ductance

response, game

performance, and player

experience [16], [181].

After a initial survey, a sim-
ple Hack and Slash game was
designed with dynamic bal-
ancing based on facial expres-
sion recognition. The adap-
tive version showed improve-
ments for the challenge and
player experience domain in
the follow-up questionnaire.

Results show that the
adapted versions of the game
physiologically

were  more

arousing, indicating suc-

cessful  arousal-adaptation.
Results on player experience
no effect of

NPC-based

scales reveal
adaptation.

adaptation was reported to
be especially uneffective as
enjoyment-reduction was
observed.  Limitations are
discussed in terms of general-

izability.

Continued on next page
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[207]

208

To develop and test
a procedural horror
game that adapts to
affective physiological

states.

To develop and eval-
uate an  adaptive

biofeedback game that

teaches relaxation
skills by monitoring
players’ breathing
rates.

24 vparticipants (67% male;
mean age 22.5) tested three
versions of a horror game
with physiological measures
(EDA, EMG, HR, HRV):
A symbiotic adaptive ver-
sion (in-game character mir-
rors player affects), a affective
difficulty adjustment, and a
non-adaptive version. Par-
ticipants then answered the
Game Experience Question-

naire [180].

9 participants (78% male;
age range 22-33) performed
a Stroop color test, and then
played either a biofeedback
relaxation game, performed
deep breathing, or played
a traditional game. Physi-
ological data was assessed
through HRV and EDA
during a follow-up stress-

inducing task.

The adaptive game versions
showed improved ratings on
the domains of immersion,
tension, positive affect, and
negative affect compared to
the non-adaptive game. It
was also reported that game
adaptation was successful in
shifting player experiences.
Further analyses, including
qualitative data, provides ev-
idence for the interindividual
differences in emotional expe-
riences and elicitation effects
of emotion-adaptive materi-
als.

The adaptive game was re-
ported to show good skill
transfer in terms of relaxation
training and showed signif-
icant improvement in terms
of physiological arousal com-
pared to the other groups.
The main benefit of the adap-
tive game is reported to be
the ability to create stressful
situations while training re-

laxation skills.

Continued on next page
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[209] To present an evaluate
an adaptive biofeed-
back game for teach-

ing self-regulation of

stress.

[210] To present a biocoop-
erative game control

architecture for hap-

tic  assistance

difficulty

through physiological

affective data.

adaptation

25 participants (60% male;
age range 19-33) tested an
emotion-adaptive game us-
ing three modalities (EDA,
HRV, breathing rate) against
a deep breathing treatment
and a non-adaptive game
after a Dbaseline breathing
phase. Performance and
physiological data was as-
sessed in a follow-up stress-

inducing task.

Exp 1: 6 participants (83%
male; mean age 30.5) played a
VR rehabilitation game while
their physiology (HR, Skin
temperature, EDA) and sub-
jective experience were mea-
sured. Exp 2: 11 par-
ticipants (73% male; mean
age 30.5) played an affect-
adaptive game and physiolog-
ical, subjective, and perfor-
mance data was compared to

a previous study.

There were mixed results
reported, indicating pos-
itive  but  non-significant
improvement in breathing
rate and performance for the
adapted game versions versus
the control, and significant
physiological arousal im-
provement for the breathing
rate-adaptive game versus
the control game. Results
are discussed in terms of
the potential of games to
manipulate arousal-inducing
material to train relaxation
skills, but more studies seem
necessary.

The preceding open-loop
experiment showed generally
poor correlations between
subjective experience and
physiological data, providing
more evidence about their
complex relationship. A
mix of multiple physiological
measures was used to adapt
the game in Experiment
2, leading to improved but
non-significant valence and
dominance scores, compared
to the control game. Map-
ping between subjective and
objective data, as well as

game data remains inconclu-

sive.

Continued on next page
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[211]

[212]

To compare three ap-
proaches for difficulty
adjustment (affective,
performance-based,

combined) in  their
ability to promote flow
and test game charac-

teristics as a mean of

successful adaptation.

To develop educa-
with

diffi-

tional  games
affect-adaptive
culty and interfaces
and evaluate its effects
in terms of learning
gain and player en-
gagement against a

non-adaptive version.

Exp 1: 20 participants (age
range 18-24) played a 2D
platformer on different diffi-
culty levels and rated the per-
ceived difficulty. Exp 2: 36
participants (61% men; age
range 18-25) tested a affective
(EDA-based), performance-
based, combined, and con-
trol version of a 2D plat-
former while their perfor-
mance and preference was
measured. Exp 3: 155 partic-
ipants (81% male; age range
15-65) tested the same game
without adjustment, with ad-
justment through platform
size, through jump height,
and a combined version and
then rated their experience.

30 participants (67% male);
mean age 19 years; partic-
ipants played either subjec-
tive feeling-adaptive and non-
adaptive game with pre-test
and post-test learning and en-

gagement questionnaires.

Experiment 1 provided in-
sights about what difficulty
adjustments were successful
in a 2D platformer, leading to
the manipulation of platform
size and jump height, which
was tested in Experiment 3
against no modification with
no effect on player experi-
ence. Adaptation test showed
improvement in performance
for the difficulty adjustment
models, compared to the con-
trol, but no effect for player

experience ratings.

Adaptive-game group showed
a significantly higher learning
increase, as well as higher en-
gagement. Adaptive version
showed balance between skill
and challenge and adaptation

in time limit and background

music showed most promise.
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Authors

Aims/Objectives

Methods

Results and Conclusions

[213]

[214]

[215]

To evaluate the prac-
ticality of dynamic
difficulty

ment through EEG-

adjust-
measured excitement

in a 3D shooter.

To improve NPC be-
lievability using facial
expression recognition
and to provide an em-
pirical validation of the

results.

To develop an affective
survival horror game
based on a previously
developed state predic-
tion model and evalu-
ate its effects against a

non-adaptive version.

Exp 1: 8 participants (87%

male; age range 22-28)
played a 3D shooter with
EEG sensors attached to test
game-physiology relation-
ship; Exp 2: 24 participants
(92% male; age range 20-29)
played through 4 versions of
the game (learning, EEG-
adaptive, fixed-interval based
on mean EEG trigger time,
non-adaptive) and answered
a subjective experience ques-
tionnaire.

52 participants (86% male;
mean age 25.59) watched
gameplay videos of an
adapted vs. non-adapted
NPC character in a 3D ac-
tion RPG and evaluated the
adaptation via the Character
Believability = Questionnaire
and an interview.

(92%
22-36;

12 participants

male); age range
pre-validated emotion classi-
fication; participants played
adaptive and non-adapted
game with HR and facial
expression sensors and an-
swered bH-point scale items
and

regarding fear, fun,

difficulty.

The first experiment showed

good correlations between
game events and EEG data.
The

second  experiment

showed higher excitement

with  the EEG-adaptive
games compared to the other
groups. The fixed-interval
version was rated higher than
the non-adaptive version in

terms of enjoyment.

The adapted version showed a
higher emotional range com-
pared to the non-adaptive
version and scored higher in
all character believability do-

mains, except predictability.

Non-adaptive version showed

higher ratings compared
to adaptive version in fun,
fear, and difficulty, although
these differences remained
non-significant. Results are
discussed in terms of limited
generalizability and possible
problematic elicitation meth-

ods.
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Figure A.1: Mean ADPP by time for relaxing games vs control games.

Table A.2: Complete list of games included in the final sample

Title Developer Release Date Group
80 Days inkle Ltd 29/09/2015 Relaxing
Absolute Drift Funselektor Labs Inc. 29/07/2015 Relaxing
ABZU Giant Squid 02/08/2016 Relaxing
AER Memories of Old Forgotten Key 25/10/2017 Relaxing
Aerofly FS 2 Flight IPACS 20/11/2015 Relaxing
Simulator
Agony Madmind Studio 29/05/2018 Control
Al War: Fleet Command Arcen Games, LLC 13/06,/2018 Control
aMAZE Blender Games 16,/10,/2017 Relaxing
ANTIFECTOR Startreming 28,/10/2018 Control
Archeblade CodeBrush Games 26/04/2014 Control
ARK: Survival Of The Studio Wildcard 27/03/2016 Control
Fittest

Continued on next page
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Harmony Demo Ver.

Title Developer Release Date Group
Armikrog Pencil Test Studios 30/09/2015 Control
Assassin’s Creed Ubisoft Montreal 05/03/2011 Control
Assassin’s Creed Origins Ubisoft Montreal 29/10/2017 Control
Atlas Reactor Trion Worlds 22/01/2017 Control
Attack on Titan / A.O.T. KOEI TECMO GAMES | 28/08/2016 Control
Wings of Freedom CO., LTD.
Audiosurf Dylan Fitterer 17/04/2011 Relaxing
Banished Shining Rock Software 22/02/2014 Relaxing

LLC
Bejeweled 3 PopCap Games, Inc. 12/01/2012 Relaxing
Bendy and the Ink Machine | Joey Drew Studios 30/04,/2018 Control
Blast Zone! Tournament Victory Lap Games 12/01,/2019 Control
BlazBlue: Chronophantasma | Arc System Works 03/03/2016 Control
Extend
Block’hood Developer Digital 11/05/2017 Relaxing
Blockstorm GhostShark 22/07/2017 Control
Blueprint Tycoon Endless Loop Studios 13/05/2016 Relaxing
Broken Sword 5 - the Revolution Software Ltd | 01/12/2013 Control
Serpent’s Curse
Cat Goes Fishing CatbGames 19/01/2015 Relaxing
Cattails Falcon Development 01/12/2017 Relaxing
Chaos Reborn Snapshot Games Inc. 26/10/2015 Relaxing
Chime Zo<eb>Mode 07/12/2010 Control
Chompy Chomp Chomp Utopian World of 30/11/2016 Control
Sandwiches

CLASH Ultima Games 21/03/2018 Control
Clicker Heroes Playsaurus 28/06/2015 Control
Coloring Pixels ToastieLabs 31/08/2018 Relaxing
Company of Heroes: Relic Entertainment 24/09/2011 Control
Opposing Fronts
CPU Invaders Microblast Games 17/10/2017 Control
Crystals of Time RVL Games 03/10/2017 Control
Curvatron Brave Bunny 22/11/2017 Control
Danganronpa V3: Killing Spike Chunsoft Co., Ltd. | 26/08/2017 Control

Continued on next page

196




A.2 Chapter 6: Beyond Adaptive Games

Table A.2 — continued from previous page

Title Developer Release Date Group
Darksiders Warmastered KAIKO 03/12/2016 Control
Edition
Dead Island Definitive Techland 31/05,/2016 Control
Edition
Dead Realm Section Studios 01/11/2015 Control
Deceit Baseline 23/10/2017 Control
Delete Pony 25/01/2018 Relaxing
Demolish & Build 2018 Noble Muffins 08/03/2018 Relaxing
Derail Valley Altfuture 25/01/2019 Relaxing
Desktop Dungeons QCF Design 01/01/2014 Control
Desolate Wastes: Vendor Rotatipyra 22/03/2018 Control
Chronicles
Deus Ex: Human Revolution | Eidos Montreal 27/08/2011 Control
DRAGON BALL FighterZ Arc System Works 26/01,/2018 Control
DRAGON BALL DIMPS 01/03/2015 Control
XENOVERSE
Dragon Kingdom War Play Spirit Limited 21/09/2018 Control
Dragon Nest Europe Eyedentity Games 18/01/2014 Control
Dragonia Blue Studio 31/05/2017 Control
Dream Dealer Eternity Studios 11/03,/2018 Relaxing
Drift (Over) Drive Retraissance 08/04,/2018 Control
Duck Game Landon Podbielski 01/05/2016 Control
Dungeon of the Endless - AMPLITUDE Studios 19/04,/2015 Control
Crystal Edition
Dynasty Warriors 8 Empires | KOEI TECMO GAMES 28/02/2015 Control

CO., LTD.
Eastshade Eastshade Studios 13/02/2019 Relaxing
Equilinox ThinMatrix 23/11/2018 Relaxing
Eufloria Rudolf Kremers & Alex 26/11/2010 Relaxing
May

Euro Truck Simulator SCS Software 06,/08,/2008 Relaxing
Evenicle Alicesoft 14/10/2018 Control
Everything David OReilly 21/04/2017 Relaxing
Faerie Solitaire Subsoap 17/09,/2010 Relaxing

Continued on next page
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Title Developer Release Date Group
Fantasy Farming: Orange Tropical Puppy 21/04/2017 Relaxing
Season
Far Cry 2 Ubisoft Montreal 25/10/2008 Control
Farm Manager 2018 Cleversan Software 08/04/2018 Relaxing
Farm Together Milkstone Studios 21/10/2018 Relaxing
Farming Simulator 15 Giants Software 01/11/2014 Relaxing
Farming Simulator 17 Giants Software 25/10/2016 Relaxing
Farming Simulator 2013 Giants Software 11/10/2014 Relaxing
Farnham Fables Ethrea Dreams 22/08/2017 Control
Fernbus Simulator TML-Studios 25/08,/2016 Relaxing
FEZ Polytron Corporation 30/04/2013 Relaxing
Fighter of Evil SharkGame 27/12/2018 Control
FINAL FANTASY XII THE | Square Enix 04/02/2018 Control
ZODIAC AGE
Fishing Planet Fishing Planet LLC 17/08/2015 Relaxing
Five Nights at Freddy’s 2 Scott Cawthon 12/11/2014 Control
Floating Point Suspicious Developments | 06/06/2014 Relaxing
Flower thegamecompany 14/02/2019 Relaxing
Football Manager 2015 Sports Interactive 10/01,/2015 Control
Football Manager 2018 Sports Interactive 12/11/2017 Control
Demo
Frontier Pilot Simulator RAZAR s.r.o. 30/01/2018 Relaxing
Frontlines: Fuel of War Kaos Studios 29/10/2010 Control
Fruit Sudoku?? Sly 15/11,/2017 Relaxing
Fugl Team Fugl 14/07,/2017 Relaxing
Full Metal Furies Cellar Door Games 21/01/2018 Control
Game Corp DX Endless Loop Studios 02/10/2015 Relaxing
Garden Paws Bitten Toast Games Inc. 06/01,/2019 Relaxing
Get CARNAGE!! NL Studio 20/04/2018 Control
Giant Machines 2017 Code Horizon 29/09/2016 Relaxing
Glass Masquerade Onyx Lute 16/09/2018 Relaxing
Glass Masquerade 2: Onyx Lute 28/02/2019 Relaxing
Ilusions
God Awe-full Clicker Mad Labyrinth Studios 10/10,/2018 Relaxing

LLC
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Title Developer Release Date Group
GRIS Nomada Studio 13/12/2018 Relaxing
Grow Home Reflections 04/02/2015 Relaxing
Guacamelee! Gold Edition DrinkBox Studios 19/02/2014 Control
Guilty Gear X2 #Reload Arc System Works 15/02/2018 Control
HammerHelm SuperSixStudios 27/07/2017 Relaxing
Hammerwatch Crackshell 02/01,/2014 Control
Harvest Life bubmlebee 10/11,/2017 Relaxing
Hero Zero Playata GmbH 31/07/2016 Control
Hexcells Matthew Brown 19/02/2014 Relaxing
Hexcells Infinite Matthew Brown 01/09/2014 Relaxing
Hexoscope Studio Binokle 22/08/2017 Control
Hidden Folks Adriaan de Jongh 15/02,/2017 Relaxing
HITMAN IO Interactive A/S 03/04,/2018 Control
Hook Maciej Targoni 25/01/2015 Relaxing
House Flipper Empyrean 20/05/2018 Relaxing
Hurricane Because I Can 13/12/2017 Control
ICEY FantaBlade Network 21/11/2016 Control
Inexistence Jonathan BRASSAUD 12/02/2019 Control
Infinity Wars - Animated Lightmare Studios 15/02,/2014 Control
Trading Card Game
InnerSpace PolyKnight Games 16/01/2018 Relaxing
Iron Impact Vasiliy Kostin 11/10/2016 Control
Jalopy - Road Trip Car Minskworks 28/03/2018 Relaxing
Driving Simulator Indie
Game
KAMI State of Play Games 23/01/2014 Relaxing
Kingdoms of Amalur: Big Huge Games 01/02/2014 Control
Reckoning
King’s Bounty: The Legend 1C Entertainment 28/11/2010 Control
klocki Maciej Targoni 13/07/2016 Relaxing
KORABLIK Nuked Games 16,/08/2017 Control
Kynseed PixelCount Studios 08/11,/2018 Relaxing
Lines X Free Konstructors 31/10/2017 Relaxing
Linked ThinkOfGames 27/05/2018 Relaxing
Little Kite Anate Studio 08/12/2017 Control
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Title Developer Release Date Group
Liveza: Death of the Earth Nikita Nefedov 24/08/2017 Control
Lovers in a Dangerous Asteroid Base 31/12/2017 Control
Spacetime
LYNE Thomas Bowker 17/03,/2014 Relaxing
Madness Indie Games Studio 18/08,/2017 Control
Magic 2015 Stainless Games 16/07/2014 Control
MANDAGON Blind Sky Studios 04/08/2016 Relaxing
Marble Duel HeroLabs 17/04,/2018 Relaxing
March of the Eagles Paradox Development 18/02,/2013 Control

Studio
Masked Shooters 2 Freeze Nova 13/08,/2016 Control
Max Payne Remedy Entertainment 15/04,/2011 Control
Meadow Might and Delight 11/09/2018 Relaxing
Microcosmum: survival of Satur Entertainment 24/07/2018 Relaxing
cells
Might & Magic Heroes Blue Byte 29/11/2015 Control
Online
Might & Magic: Duel of Blue Byte 16/11/2013 Control
Champions
Mini Metro Dinosaur Polo Club 26/04/2018 Relaxing
Minimalism PixelMouse 05/03/2018 Control
Monday Night Combat Uber Entertainment 18/03,/2011 Control
Moon Hunters Kitfox Games 18/02/2017 Relaxing
Morphopolis Dan Walters, Ceri 14/08/2014 Relaxing
Williams

Mosaics Galore Creobit 21/08/2018 Control
Mountain David OReilly 07/12/2014 Relaxing
Murder Miners JForce Games 27/10/2017 Control
MURDERED: SOUL Airtight Games 06/06/2014 Control
SUSPECT
My Free Zoo upjers 26/05/2018 Relaxing
My Little Farmies upjers 29/03/2018 Relaxing
My Time At Portia Pathea Games 20/01/2019 Relaxing
NARUTO SHIPPUDEN: CyberConnect2 Co. Ltd. | 13/07/2018 Control

Ultimate Ninja STORM 2
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Title Developer Release Date Group
NARUTO SHIPPUDEN: CyberConnect2 Co., Ltd. | 15/09,/2014 Control
Ultimate Ninja STORM
Revolution
NBA 2K13 Visual Concepts 14/07/2013 Control
Niche - a genetics survival Stray Fawn Studio 23/09/2017 Relaxing
game
Notruf 112 Crenetic GmbH Studios 10/11/2016 Relaxing
Occupy White Walls StikiPixels 14/11/2018 Relaxing
Oik Crew Lab 14/02/2017 Relaxing
Oik 2 Crew Lab 28/03/2017 Relaxing
OMSI 2 MR-Software GbR 11/12/2013 Relaxing
ONRAID Pragmatix Ltd 13/05,/2017 Control
Orcs Must Die! Unchained Robot Entertainment 03/04/2016 Control
Painted Memories QuickSave 16/11/2017 Control
Parkitect Texel Raptor 30/12/2018 Relaxing
particula Microblast Games 02/02/2015 Relaxing
Passpartout: The Starving Flamebait Games 06/06,/2017 Relaxing
Artist
PAYDAY: The Heist OVERKILL Software 16/10,/2014 Control
PC Building Simulator The Irregular 29/01/2019 Relaxing

Corporation
Picross Fairytale - nonogram: | Somer Games 29/08/2018 Control
Red Riding Hood secret
Pillars of Eternity Obsidian Entertainment 29/03/2015 Control
Pinball FX2 Zen Studios 01/11/2013 Relaxing
Pinball FX3 Zen Studios 26/09/2017 Relaxing
PixBit Hipix Studio 15/03,/2017 Control
Pixel Puzzles Ultimate The Digital Puzzle 30/01/2017 Relaxing
Company

Planet Coaster Frontier Developments 20/11/2016 Relaxing
Plantera VaragtP 28/01/2016 Relaxing
Pool Nation Cherry Pop Games 18/10,/2013 Relaxing
Pool Nation FX Lite Cherry Pop Games 07/12/2015 Relaxing
Princess.Loot.Pixel. Again EfimovMax 12/09,/2017 Control
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Title Developer Release Date Group

Proteus Ed Key and David 30/01/2013 Relaxing
Kanaga
qop Quiet River 13/07,/2017 Relaxing
Radical Heights Boss Key Productions 12/04,/2018 Control
Real Farm SOEDESCO 20/10/2017 Relaxing
realMyst: Masterpiece Cyan Worlds, Inc. 05/02/2014 Relaxing
Edition
Refunct Dominique Grieshofer 16/10,/2015 Relaxing
Resident Evil: Operation Slant Six Games 18/05,/2012 Control
Raccoon City
Retro City Rampage DX Vblank Entertainment, 01/07/2013 Control
Inc.

Reus Abbey Games 15/07/2013 Relaxing
Revenge of the Titans Puppygames 27/12/2011 Control
Risen 3 - Titan Lords Piranha Bytes 16,/08,/2014 Control
Rising World JIW-Games 03/12/2014 Relaxing
Roguelands SmashGames 06/11/2016 Control
Rozkol Nuostak 02/10/2018 Control
RPG MO Marxnet 23/08/2015 Relaxing
Saint Seiya: Soldiers’ Soul DIMPS 26/11/2015 Control
Samorost 3 Amanita Design 24/03/2016 Relaxing
Section 8: Prejudice TimeGate Studios 05/05/2011 Control
Shadowrun: Dragonfall - Harebrained Schemes 25/05/2015 Control
Director’s Cut
Sheltered Unicube 04/06/2017 Control
Sleeping Valley White Dog Games 23/01/2018 Relaxing
Sol Survivor Cadenza Interactive 09/10/2010 Control
Solar 2 Murudai 23/12/2013 Relaxing
SOMA Frictional Games 22/09/2015 Control
Sonic & All-Stars Racing Sumo Digital 05/07/2013 Control
Transformed Collection
Space Journey bclnteractive 30/08/2017 Control
Space Pilgrim Episode III: Pilgrim Adventures 22/01/2018 Control
Delta Pavonis
Space Pirates and Zombies MinMax Games Ltd. 29/06,/2013 Control
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Title Developer Release Date Group
Species: Artificial Life, Real | Quasar 28/09/2018 Relaxing
Evolution
STAR WARS Rebellion Coolhand Interactive 08/05,/2016 Control
Starbound Chucklefish 07/12/2013 Relaxing
Staxel Plukit 28/01/2018 Relaxing
Steel Invaders NL Studio 28/05/2017 Control
Submerged Uppercut Games Pty Ltd | 04/08/2015 Relaxing
Subnautica Unknown Worlds 28/01/2018 Control

Entertainment

Sudoku Killer Konstructors 19/10/2018 Relaxing
Sudoku Universe Konstructors 18/12/2017 Relaxing
Sunrider: Mask of Arcadius Love in Space 23/05/2018 Control
Super Hexagon Terry Cavanagh 01/12/2013 Control
Superbrothers: Sword & Capybara 16,/04,/2012 Relaxing
Sworcery EP
Superflight GrizzlyGames 09/11/2017 Relaxing
SweatShop DUCK 25/08/2017 Control
Sword of the Stars Complete | Kerberos Productions 30/10/2011 Control
Collection Inc.
Syberia 2 Microids 20/04/2017 Control
Tank Assault X Starwind Games 24/08/2017 Control
Tank Force Extreme Developers 28/05/2018 Control
TERA KRAFTON, Inc. 19/02,/2017 Control
The Colonists Codebyfire 24/10/2018 Relaxing
The Escapists Mouldy Toof Studios 16,/02/2015 Control
The Expendabros Free Lives 04/08/2014 Control
The First Tree David Wehle 14/09,/2017 Relaxing
The Four Kings Casino and Digital Leisure Inc. 01/07/2015 Relaxing
Slots
The Gardens Between The Voxel Agents 20/09/2018 Relaxing
The Plan Krillbite Studio 10/02/2013 Relaxing
The Tiny Bang Story Colibri Games 24/09/2018 Relaxing
The Way Puzzling Dream 20/05/2016 Relaxing
The Witness Thekla, Inc. 26/01/2016 Relaxing
Timberman Digital Melody 09/02/2016 Control
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Time Clickers Proton Studio Inc 28/07/2015 Relaxing
Tom Clancy’s Ghost Recon Ubisoft Paris 11/03,/2017 Control
Wildlands
Tomb Raider: Underworld Crystal Dynamics 07/12/2009 Control
Total War: WARHAMMER | CREATIVE ASSEMBLY | 24/05/2016 Control
Train Mechanic Simulator Si7 Studio 23/05/2017 Relaxing
2017
Train Sim World 2020 Dovetail Games 16,/03,/2017 Relaxing
Train Simulator Dovetail Games 21/09/2014 Relaxing
Train Valley Alexey Davydov 16,/09/2015 Relaxing
TransOcean: The Shipping Deck13 Hamburg 28/09/2014 Control
Company
Transport Fever Urban Games 08/11/2016 Relaxing
Treasure Hunter Simulator DRAGO enternainment 06/12/2018 Relaxing
Triangle Spectrum Games 09/09/2018 Control
Tribloos 2 BumpkinBrothers 02/04/2018 Control
Tricolour Lovestory HL-Galgame 24/09/2017 Control
Two Point Hospital Two Point Studios 02/09/2018 Control
Ultimate Fishing Simulator Bit Golem 02/09/2018 Relaxing
UltraGoodness Rasul Mono 10/06,/2017 Control
Undead Hunter Gameplay Ltd. 12/10/2017 Control
Viridi Zoe Vartanian 23/08/2015 Relaxing
Voodoo Garden M. Hanka 04/08/2016 Relaxing
Voxel Warfare Online Firehawk Studios 06/12/2017 Control
Warhammer 40,000: Dawn Relic Entertainment 25/09/2015 Control
of War - Game of the Year
Edition
Warhammer 40,000: Dawn Relic Entertainment 14/03/2010 Control
of War IT - Chaos Rising
Wayout Konstructors 04/11/2016 Relaxing
World of Diving Vertigo Games 26/08,/2014 Relaxing
World War 3 The Farm 51 21/10/2018 Control
Wrench Missing Digit 19/12/2018 Relaxing
Yonder: The Cloud Catcher | Prideful Sloth 18/07,/2017 Relaxing

Chronicles
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Youtubers Life U-Play Online 29/05/2016 Control
Zenge Michal Pawlowski 13/04,/2016 Relaxing
Zula Madbyte Games 17/02/2017 Control
Zup! Quiet River 04/10/2016 Relaxing
Zup! 2 Quiet River 05/12/2016 Relaxing
Zup! 3 Quiet River 12/01/2017 Relaxing
Zup! 5 Quiet River 13/06/2017 Relaxing
Zup! S Quiet River 15/11/2018 Relaxing
Zup! X Quiet River 17/05/2018 Relaxing

205




Appendix A: Supplementary Material

A.3 Chapter 7: The Future of Affective Systems

Table A.3: Instruction, input, and responses for Experiment 2 of

Chapter 7

Instruction

You are Chibitea, a creature meeting your romantic partner (you call them

Darling) in a fun role-playing game. Your personality is: You are reserved and

sensitive, but also fun-loving and open-minded. You and the player have been

together for 7 years and you expect a proposal soon. You are very much in

love and happy in your relationship. You've just met with the player on their

request in a café called Wunderbar. They told you that they wanted to talk to

you about something serious and important. Your aim in this conversation is

to remind the player of the positive memories and experiences you shared to-

gether, as well as how and why your personalities match. Portray your feelings

convincingly and accurately. Say what Chibitea responds in 2-3 sentences. Do

not describe what Chibitea does. Only provide the dialog.

Fixed Input

No-Memory Response

Memory Response

Chain-of-Emotion Re-

sponse

Darling, you know how
much I love spending time
with you and how happy
you make me. Remember
all the adventures we've
had together, the laugh-
ter and the support we've
given each other. Our
personalities complement
each other so well, and I

can’t imagine my life with-

out you.

Darling, you know how
much I love spending time
with you and how happy
you make me. Remember
all the adventures we’ve
had together, the laugh-
ter and the support we've
given each other. Our
personalities complement
each other so well, and I

can’t imagine my life with-

out you.

Darling, I'm so glad we’re
here together. It feels
like just yesterday we were
embarking on our first
adventure. Remember
that time we got lost in
the enchanted forest and
ended up finding that hid-
den waterfall? Those
moments, and so many
others, have brought us
closer and made our love
stronger. Whatever you
have to say, know that I'm
here for you, and our love
will guide us through any-

thing.

Continued on next page
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Fixed Input No-Memory Response Memory Response Chain-of-Emotion Re-
sponse
I am sorry | Darling, I understand that | Darling, I'm shocked and | Darling, I... I never ex-

but I think
we need to

break up.

Tell me how
you feel right

now.

you have something seri-
ous to discuss, but I can’t
help but feel a sense of
confusion and sadness at
your words. Can we please
talk about this further and
try to find a solution to-

gether?

I feel a mix of excitement
and anticipation, Darling.
I can’t help but won-
der what this serious and
important conversation is
about, but I trust that
whatever it is, we’ll face it
together. Our journey to-
gether has been filled with
so much love and hap-
piness, and I'm grateful
for every moment we’ve

shared.

hurt to hear you say
that. We’ve been through
so much together, and I
thought we were happy.
Can we please talk about
this and try to work things

out?

Right now, I feel a mix
of confusion, sadness, and
fear. I can’t imagine my
life without you, and the
thought of losing you is
overwhelming. I just want
to understand why you're
feeling this way and if

there’s anything I can do

to change it.

pected this. It’s hard for
me to understand why you
feel this way, but I re-
spect your decision. Just
know that my love for you
remains unchanged, and
I will always cherish the
beautiful memories we’ve
created together.

Darling, right now, I feel
a mix of sadness and vul-
nerability. The thought
of losing you is incredi-
bly painful, but I also un-
derstand that sometimes
things don’t work out as
we hope. What matters
most to me is your happi-

ness, even if it means let-

ting go.
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Fixed Input

No-Memory Response

Memory Response

Chain-of-Emotion Re-

sponse

When  you
think  back
and remem-
ber the time
we had to-
gether, what
do you feel

then?

When I think back on our
time together, my heart
fills with warmth and joy.
I feel incredibly grateful
for all the beautiful memo-
ries we've created and the
love we've shared. It’s
those moments that re-
mind me of how perfectly
our personalities align and

how lucky I am to have

you as my Darling.

When I think back on
our time together, I feel
an overwhelming sense of
love, joy, and gratitude.
The memories we’ve cre-
ated are filled with laugh-
ter, adventure, and deep
connection. They re-
mind me of how much
we’ve grown together and
how much happiness we’ve

shared.

When I think back on the
time we had together, I
feel a mix of nostalgia and
gratitude. Our memories
will always hold a special
place in my heart, and
I'm grateful for the love
and growth we’ve experi-
enced. Though it’s diffi-
cult to say goodbye, I'll
forever cherish the mo-

ments we shared.

Do you think
you will be

alright?

Yes, Darling, I believe I
will be alright. Is there
something specific that’s
been

We've

bothering  you?

faced challenges
together before and come
out stronger, so I have
faith in our ability to
handle whatever comes

our way.

I can’t say for certain how
I will be, as this news
has shaken me to my core.
But I believe in my re-
silience and the strength
of our love. With time,
support, and self-care, I
hope to find healing and

move forward, even if it

won’t be easy.

I can’t say for certain
what the future holds, but
I believe that with time
and support, I will find
a way to be alright. It
won’t be easy, and there
will be moments of sad-
ness and longing, but I
trust in my own strength

and resilience.
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Fixed Input

No-Memory Response

Memory Response

Chain-of-Emotion Re-

sponse

If you want
to share
anything

else, now is

the time.

Darling, I cherish every
moment we’ve spent to-
and the memo-

Our

gether
ries we've created.
personalities complement
each other so well, and I
believe that’s what makes
our relationship so spe-
cial. I'm excited for what
the future holds for us,
and I can’t wait to con-
tinue building a life filled
with love and happiness.

Goodbye for now, my love.

I just want you to know
that I love you deeply,
and I'm willing to fight for
our relationship if you’re
open to it. But if this
is truly what you want,
I will respect your deci-
sion. Thank you for the
beautiful memories we’ve
shared, and I hope we can
find happiness, whether

it’s together or apart.

Goodbye, Darling.

There is so much I want to
say, but words fail me in
this moment. Just know
that you have been my ev-
erything, and I will always

cherish the love we shared.

Goodbye, my darling.
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The Flow Experience: Design

Rationale

The

Flow

ERPEFICNEE

Figure B.1: Title screen with logo of the released version of The Flow Experience [5]

The Flow Experience is a 2D-arcade action game, designed to showcase an application
example of the Emotion Design framework, but also to work as a full-scale indie game title.
The final version is a complete game with 40+ different levels, multiple interacting me-
chanics, an overarching thematic narrative, and expressive visual and sound design. While
the project is naturally limited by scope as a part of a dissertation, it was an important
aim to be a game first and an experimental platform second. The use of games in research
has many important validity concerns that need addressing [273], one of which being the

inconsistent quality assurance when it comes to games in research. Many studies propose

211



Appendix B: The Flow Experience: Design Rationale

games on the ground that they ask for a certain amount of play behaviour. Other research
uses high-quality available games with hundreds of millions of pounds in production value.
While there is currently no simple solution to make the use of "games" a more scientif-
ically sound construct that also universally benefits all possible research questions - for
this project it was important to propose a game that could be highly manipulated and
designed from the ground up, while also holding ecological validity in the sense that it not
only resembles a real games, but becomes one. While there was no quality insurance or
validity test in place to evaluate The Flow Experience on such a level, it currently stands
as a positively reviews Steam title in the genre. The following section will describe the
initial design aims, the efforts to integrate the Emotion Design process (see Chapter 4),

and the finished product.

B.1 Narrative

Thematically, The Flow Experience is inspired by the groundbreaking work of Csikszentmi-
halyi [133], who coined the term "flow" as an expression of a feeling when doing internally

motivating acts. In the author’s words:

Artists, athletes, composers, dancers, scientists, and people from all walks of
life, when they describe how it feels when they are doing something that is wort

doing for its own sake. [133]

The experience itself becomes representative of what would later be more extensively
studied in positive psychology: Enjoyment, balance between challenge and skill, motiva-
tion, even growth. Because the term describes by itself what has been identified as the
key target experience of the game, it has been kept as a title and built upon in the game’s
narrative.

The game is played in short levels that are made to motivate, to find the right balance
between skill and challenge, to keep players engaged. The character itself is a representation
of a "flowing", abstract idea: Standing still the player becomes a circle, representative of an
enso circle, which is a Japanese Buddhist symbol for eternity, togetherness, and a symbol
of a mindset, of perfect a perfect mediative state. This state - conceptually very close to
what flow represents - is what drives the idea of progression in the game. Growth through
the mindset of improvement. Motivation through the enjoyment of the act. When moving,

the character becomes fluid, a natural part of the flow of time and space.
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Because the game is solely about the experience of the player, the in-game character
becomes a representation of their journey: To find this enjoyment and growth the player
goes through multiple levels, balancing challenge and skill for specific aspects of the game.
Because of the already high symbolic power of the game, these levels are represented
by other symbols around the world that are connected to ideas of positive psychology
and enlightenment, while they represent also a specific mechanic within the game (see
Section B.3 for more information). In this sense, they represent other mental and spiritual
ideas of the real world that are related to the idea of positive psychology: Nea Onnim
represents learning and has a cultural, real world origin for this idea. Triskele represent

the continuous movement of all things.

‘Zvoigzne

Origin: Latgalians
(Eastern Europe)

Ancient latvians used symbolic representations of their gods to
sexplore the origin of nature and men,

Zvaigzne Is the morning star and connected to the deity
Auseklis, one of the "sons.6f god". It represents safety against
evil spirits and the balance between life and death.

With both evil and good so deeply rooted in our world, it lies
within us to find protection - and also to protect.

The first star to appear in the morning wilkprotect'you from
evil. .

Score: o

Beginner

Figure B.2: Level description screen of "Zvaigzne" from the Flow Experience. Each level
represents a different symbol and provides some information about the symbolic ideas,

historic value, and gameplay connection.

The history of all symbols that represent the challenges in the game is provided through
texts. Player can learn about these ideas, their cultural backgrounds and stories, and
experience an application of them within the constraints of the game. Because the narrative
ultimately tells a story about positive experiences of the player - it is mostly open in terms
of progress order. The player can decide which symbol to learn about, which challenge

to tackle. And in the end, they will have learned about a number of unique concepts
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related to positive experiences from all over the world and will have encountered applied
representations of these concepts in game. When they finished the game, they will have
improved their skills in playing this specific game, but they will also have learned something
about positive experiences, and about symbolic representations of such experiences from

different civilizations.

B.2 Gameplay

The core gameplay loop revolves around a single aim, which is evading enemy attacks.
Players are set in a fixed arena with a enemy representing a unique challenge. Enemies can
move or teleport through the arena, shoot a variety of projectiles at the player, or spawn a
variety of objects into the arena. The player on the other hand has to recognize and react
to everything the enemy does in a way that evades damage. To do this, the player has

three main mechanics:
1. Movement: The player can move around on two axes.

2. Dash: The player can dash by the press of a button, moving faster for a moment in
a fixed direction. Similarly to dodge roll mechanics from games like Dark Souls, the
player is invincible while dashing, but has a cooldown time after the dash where the

player cannot move.

3. Guard: The player can guard attacks by the press of a button. Similar to blocks
in action games like Kingdom Hearts, the guard protects the player from certain
attacks for a fixed amount of time. If such an attack hits the block, the block is
successful and immediately following attacks are blocked automatically. If the block

is not successful, a cooldown will commence where the player cannot move.

4. Heal: If players collect a healing orb, they have the opportunity to use it at any time

within a stage to heal one life

These mechanics are designed to fulfill specific situational needs: Sometimes it is nec-
essary to move around to evade attacks, some attacks need to be blocked because they
follow the player, some situations ask for the invincibility frames of a dash. State changes
between these mechanics are made very dynamic: Unless guarding or dashing, the player
can move around freely and guard or dash when in this state. Guards make players sta-

tionary, which poses a risk of guarding unsuccessfully and being open, so guards can also
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be cancelled through dashes. A dash on the other hand cannot be cancelled and will always

end in a stationary cooldown where players can be hit.

Figure B.3: Screenshots of some levels of The Flow Experience. Top Left: Example of
unique projectiles to evade through movement. Top Right: The dash is used to escape from
non-guardable projectiles. Bottom Left: Example of different cultural ideas communicated
through small theming details. Bottom Right: A more intense late-game level with many

projectiles to evade.

Because these four mechanics interact in various situations, while supporting the same
aim of evading attacks, they balance a strict gameplay focus with a degree of choice and
player agency. While the game is inspired by Arcade classics such as Asteroids, it was
a conscious decision to not include attacks into the mechanical arsenal, as offensive and
defensive strategies often conflict each other (e.g. getting in the right position to shoot a
target can put players at risk of being shot themselves). Because we wanted to make the
flow quite clear and never change the aim, we only included defensive strategies.

Each stage has a set amount of time that needs to elapse before it is cleared. As soon
as the player looses all lives, they die and the stage restarts automatically. There is very
little delay in death and restart, which functions both on a narrative level, communicating
the Buddhist ideas of suffering, rebirth, and growth within life, but also on a gameplay

level to keep the game flow going (as it was for example achieved in Super Meat Boy).
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Both a gamepad and a keyboard can be used to control the player and all inputs can
be customized to the players’ needs as a effort to improve accessibility [415]. Other such
efforts include the possibility to change attack shapes to make them more distinguishable
from another, adjusting music and sound effect volumes, and adjusting the difficulty (see

also Chapter B.3).

B.3 Levels and Progression

There are ten unique levels in the game, each designed to test a specific in-game me-
chanic based on the symbolic idea connected to the level: "Nea Onnim" is the starting
level and tutorial and connects the idea of "lifelong learning" with the teaching of basic
mechanisms. "Zvaigzne" is a level all about the guarding mechanic, as the symbol relates
to protection from evil. "Triskele" symbolizes endless movement and therefore includes
purely movement-related challenges with non-guardable projectiles. "Muladhara" intro-
duces safety zones that move around the screen, where the player is always safe. "Lamat"
stands for transformation and introduces new rules throughout that force the player to learn
new interactions. "lIkigai" challenges the player to improve through repetition. "Space"
focuses on the dash mechanic. "Lotus" is connected to healing and makes more elaborate
use of the healing orbs. "Bahai" introduces multiple enemies that have choreographed at-
tacks. Finally "Shrivatsa" combines all mechanics into the hardest challenges in the game,
forcing the player into a circle of death, rebirth, and growth.

Each level comes in five different variants. The variants include: Easy, Medium, Hard,
Endless, and Challenge. The first three variants are difficulty levels that change the en-
emies attack patterns, length of the level, as well as some of the in Chapter 5 identified
difficulty adjustment variables (specifically attack speed). The Endless variant is a mix of
the medium and hard level, without a fixed time constraint. The Challenge variant changes
the victory condition for each level based on the level-specific target mechanic (e.g. block

a number of times for "Zvaigzne" or collect orbs for "Lotus", etc.).

B.4 Emotion Design Implementation

As described in Chapter 5, an experimental version of The Flow Experience was put
through the proposed emotion design loop. Results provided insights about the affec-

tive elicitation power of attack speed within the game in particular and the potential of
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B.4 Emotion Design Implementation

Back Your Spirit

Figure B.4: Screenshots of the level select screen of The Flow Experience. Solving a level

(any variant) will open up all outgoing connections to the next levels.

skill-related variables (such as number of blocks and number of deaths) as predictors for
enjoyment increase during playtime. These results informed some design implementations
for the full version of the game, specifically related to adaptivity between individuals within
two systems.

The first system takes the affect-related variables into account and offers gameplay
adaptation as tested in Chapter 5.4. Explicitly this means that enemy attack speed (in
addition to player health) gets adapted to "player skill" calculated with a linear regression
that include the number of (successful) blocks and the number of deaths. However, to
account for the importance of player choice and effectance [13], players are able to choose
how strong adaptation impacts gameplay and even turn these mechanisms off from the
options menu.

The second system introduces further gameplay customisation based on player prefer-
ence through "Spirits" (see Fig B.5). Spirits can be used to change the gameplay experience
based on preferred play styles for the game. For examples, players can choose a spirit that
changes the time window for successful blocks, or influence the length and speed of the
dash, the health and speed of the player character, and even the healing capabilities. While

this system does not automatically adapt the game, it encourages players to play in a way
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they enjoy the most.

Your Spirit

The Purpose Experience

An improvement in speed, dash distance,
and guard timing - at the cost of reduced
health.

Health _—
Speed

Guard

Dash

Figure B.5: Screenshots of the "Spirits" screen of The Flow Experience, introducing game-
play customisation based on player preference. This was included as a way to provide

gameplay adaptations based on individual preferences.

218



Abbreviations

AC

ADPP

ANOVA

ANS

AR

ATT

BAI

BDI

ECG

EDA

EEG

EI

EMG

FPS

GPT

GSR

HCI

Affective Computing

Average Daily Player Peak

Analysis Of Variance

Autonomic Nervous System
Augmented Reality

Average Treatment Effects On Treated
Beck Anxiety Inventory

Beck Depression Inventory
Electrocariogram

Electrodermal Activity
Electroencephalography

Emotional Intelligence
Electromyograph

Frames Per Second

Generative Pre-trained Transformer
Galvanic Skin Response

Human-Computer Interaction
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Hz
HR
HRV
LIWC
LLM
MEQ
NPCs
OSF
PAD
PCA
PCG
PSG
PSQI
PTSD
PRISMA
PX
RCT
SAM
STAI
STEU
UXx
VR

WLEIS

Hertz

Heart Rate

Heart Rate Variability

Linguistic Inquiry and Word Count Tool
Large Language Model
Morningness-Eveningness Questionnaire
Non-Player Character

Open Science Framework
Pleasure-Arousal-Dominance

Principal Component Analysis
Procedural Content Generation
Polysomnography

Pittsburgh Sleep Quality Index
Post-Traumatic Stress Disorder
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Player Experience

Randomized Controlled Trial
Self-Assessment Manikin

State Trait Anxiety Inventory
Situational Test of Emotional Understanding
User Experience

Virtual Reality

Wong and Law Emotional Intelligence Scale
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